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ptesent invention relates to a cell cycle regul ated repressor protein
which binds to a DNA el enent present in .5 the control sequences of the
human cdc25C gene and ot her cell cyclelregul ated genes, as well as the
use thereof in cell cycle regul ated expression systens.

" Eukaryotic and prokarggti Coel, @RLA rocess of 10 cell -
di vision in which the genome oﬂf.Sﬁe cef?f?%%%a AND, ONN ELBMENSUl e as
I n prokaryotes or a nmultiplicity of ‘chronosonmes as in eukaryotes, is

precisely repl iThe epresénte inventiodsire1 ¥k diyi di NG, yesting-cells are in
a phase known. ,g ﬁaésﬁz, Weund r éléngl di vi SH‘)ng t%eel eFYc‘ﬂ% Fegydatesd to
15 Gl phase, usuan v 1he Fongedt "({}Fg ,SHES nECwWhi BNAt RéeDhAt presenteih i S.
2n (diploid)3 THhe ¢antxpl oseguencespbssehe human V&H&B%fgngggsi sphakes
place and the gelATcydle rediiiid t#j‘.ﬁé& seco-ndnG hase f ows,  GJ, fﬁ
whi ch the cell _ . ig in a tetraploi ) 2% aYe! $othe pse thereofcins,
and 20 the cel %% SHGle Feguiatedriexpression systeimsi.on, whi ch

L nvol ves cell and nuclear fission, is controlled by a mtosis pronoting
factor known as;;,g&q_%,, C [ cyclin . B). _The human cdc25C gene

encodes a pyot ei ph&gghgyagge)éQOkg\fA&P%ﬁcaEﬁléét Eeplpcatachycgchrocé€ssonpl ex
prior to t er‘ﬁe:]';} A1yt iPhi idswbich the genome of the cell, be it a

single molecule as in prokaryotes or a multiplicity of

chromosomes as in eukaryotes, is pPrecisely repiicated before
mj.tosis. Non-dividing, resting cells are in a pha.se known"

as GO. When undergoing division, the cell will move in to

15 G1 phase., usually the longest pPhase, during which the DNA

cox:xtent is 2n (diploid). This is followed by s phase, in

which DNA synthesis takes Place and the genome is

. c?upil.icated. A second G phase follows, G2, in which the cell

1S 1n a tetraploid (4n) state. Mitosis (M) then occurs, and

20 the cell reverts to GO/Gl. The G2 -> M transition, which

j.x.wolves cell and nuclear fisi_on, is controlled by a

mitosis promoting fgctor known as cdc2, and a 'cyclin (cyclin

B). . The human cdc2sc gene encodes a protein phosphatase

which activates the cdc2/cyclin B complex prior to the entry
25 into mitosis.

cdc25C mRNA expression is largely restricted to the G2 phase
and is Qevel‘opmentally controlled, but the mechanisms of its
regulation have not been investiQatéd prior té6 the present

30 study. ;n fact, G2-specific transcription has prefriously
not been analysed for any gene in mammalian cells. The
-mo]_.ecu;ar mechanisms underlying the periodic inducﬁion of
genes in the G2 -Phase are therefore unknown.

35 cdc25 was ‘originally discovered in S. pombe as a cell cycle
gene with an essential function in G2->M progression
(Russell and Nurse, 1986; for a review see Millar and
-Russell, 1992). Higher cells contain at least 3 genes with
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reverting the inhibktoLy action ©f the wee-1 protein tyrosine kinase
(Gould and Nurse, 1989). cdec2 in higher cells is
phosphorylated on two residues upon formation of a complex
with cyclin B, i.e., Tyr-i4 and Thr-is (reviewed in Millar
and Russell, 1992). As in fission yeast, this inactivation
of cdc2 is mediated by wee-1, which in mammalian cells has
been reported to pPossess tyrosine and threonine kinase
activity (Featherstone and Russell, 1991), and both Tyr-14
20 and Thr-15 are dephosphorylatedlby cdc25C (Gautier et al.,
1991; Kumagai and Dunphy, 1991; Strausfeld et al., 1991).
These observations demonstrgte that cdc25 and cde2sc play
crucial roles during cell cycle progression in many
organisms by triggering the entry into mitosis.

[
wm

25

In S. pombe, expression of the cdc2s gene is cell cycle-
regulated and cdc25 mRNA and protein reach peak levels
during G2 (Ducommun et al., 1990; Moreno et al., 1990).
This regulation appears to be of particular relevance in
30 view of the fact that the level of cdc25, unlike those of
cdc2 or cyclin B, is rate-limiting with respect to entry
into M-phase (Ducommun et al., 1990; Edgar and O'Farrell,
1989; Moreno et._al., 1990; Russell and Nurse, 1986). 1In
human cells, the level of cdc25C mRNA also increases
35 dramatically in G2, but the abundance of cdc25 protein does
not vary greatly during the cell cycle (Millar et al., 1991;
Sadhu et al., 1990). The same appliés to at least one of
the cdc25 forms in Xenopus oocytes (Jessus and Beach, 1992).
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. . . arget dividing cells are therefore
Seen as useful anti-cancer therapeutics. | However, the

) eff?ctiveness of such agents is limited, since their

15 toxicity to normal cells precludes the administration of
sufficiently effective doses. Moreover, within a tumour

cell mass, a large proportion of the tissue is not rapidly

::vi:ing but is in a resting state. Therefore, even if all

_ e dividing cells are eliminated the '
. ) ) ’ tum i
20 entirely ablated. our Glone is not

A refinement of such techniques which has been proposed is

the use of antibodies or other cell-specific binding agents

to target anti-cancer drugs specifically to tumour cells

25 For example, reference is made to the diSclosures of EP C.>

590 530 and EP 0 S01 215 (Behringwerke AG) and references

cited .therein. A difficulty with the proposed techniques is

that it has proven difficult to selectively target cancer

cells over the background of normal tissue ceils from which

30 the cancer has developed, since tumour-specific antigens

which are targeted by the antibodies or other binding agents
~are seldom truly tissue-specific. ' a

-

Recently, gene therapy techniques have been Proposed whereby
35 expression systems encoeding drugs or enzymes capable of
activating prodrugs are targeted to cancer tissue, and
Preferably expressed select ively in transformed cells. This
method allows the - introu.uction of a further level of
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tissue- SDECIflﬁseful dlfferences from the normal tissue from which they
) derive.

15 S o | | |
It has'now been found that the cdc25C gene and other cell
cycle regulated genes, including cyclin A and cdc2 comprise
a DNA elémqnt which binds a cell cycle specific repressor
factor which, when bound, specifically represses
20 transcription of the linked gene. ' '

According to the first aspect of the invention, therefore,
there is provided a vector for the expression of a desired
_ gene product in a cell, comprising a structural gene
25 encéding the desired gene product“operﬁblYflinked'to a
promoter under the control of a DNA repressor element which .
interacts with a cell cycle specific repressor in order to
| réjnlate gene expression in a cell cycle specific manner.

30 Preferably, the DNA repressor element is derived from a cell
cycle regulated gene, such as the cdc25C gene and comprises
at least part of the sequence 5'~GCTGGCGGAAGGTTTGAATGG-3 ",
or a functionally equivalent mutant or homologue theredf.

35 Alternatively, the DNA répressor element rcompriseé the
sequence  5'-GCTGGCGGAAGGTTTGAATGG-3' ‘and a sequence
encompassxng a transcription initiation site, or any
functionally equivalent mutants or homologues thereof. '
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_ may comprise RNA or DNA. The vector may be of linear or
10. circular configuration and adapted for epi-somal. or

. integrated existence in the target cell. Vectors based on

\.riruses, such as retroviral or adenoviral vectors, usually

integrate in to the cell genome. Moreover, 1linear and.

circular DNA molecules are known to integrate into cell

15 genomes, as set out in the extensive body of literature

known to those skilled in the art which concerns transgenic

animals. '

- Where long-term expression of the gene product is sought,

20 integrating vectors are preferred. | However, if chly
transient expression of the gene product is sufficient, non-
‘integrating episomes may be used.

Th'g vector of the invention allows | the production of a

25 desired gene product in a manner which is dépendent on the
cell cycle phase in which the target cell finds itself. For
example, in the case of the cdc25C~derived DNA repressor
element, the desired gene product will only be produced
during S and G2 phase, as the target cell prepares for

30 mitosis. If desired, therefore, the invention allows
‘Production of specific gene products in target cells 'only at
specific stages of the cell cycle. -
In a particularly preferred embodiment of the invéntion, ‘the

35 vector is used to encode a cytotoxic agent. Use of such an
agent will lead to preferential ablation of cycling cells,
‘which has applications in the 'thera_py of cancer and other
disorders involving aberrant cell proliferation.
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el ement WO WPM3Inds a cell cycle specific repressor ?}?ggkgflOZ%l ch,

when bound, specifically -represses 20 transcription of the i nked .
gene. According to the first aspect of the invention, therefore,
there is provided a vector for the expressPon of a desired gene
product in a cell, conprising a structural gene 25 encoding the desired
gene product operably linked to a ~pronoter under the control . of a DNA
repressor el enent which - interacts with a cell- cycle speci fi c,
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transcrl ption ai rFYEQERIF OFt é’YtQﬁtaéﬁy polype PtHR%1 on e‘lﬁ%f\?é' 8F}t
mitants or homghegdaemenksr exlfe . polyPEpBHdecMMY. be a prodrug—actzvatmg

PCT/GBQS/OZOOO ' nzyme (see Mullen, Pharmac., Ther. §§ 199, (1994)), such
10 as HSV thymldlne kinase (TK), capable of converting the non-
tOXIC 6-methoxypur1ne arabxnonucleosxdes to toxic phosphate
derlvatlves, or'cytosxne deamlnase, capable:of converting 5-_ "
fluorocytoslne to 5-f1uorourac11 (see 51kora, K., Tibtech,
1;;.197-201,_1993) Other examples . 1nc1ude B~lactamase,
| 15 pyfoglutaﬁate . aminopeptidase, - galactosidase or D-
| aminopeéﬁidese; for example as described in EP 0 382 411 or
EP 0 392 745}'en oxidase such as ethanol oxidase, galactose .
oxidase, D-amino acid oxidase or a-glyceryl-phosphate -
oxidase, for example as described in WO 91/00108, a
20 pefoxidase, for example as described in EP 0O 161 %08, a
~ phosphatase, for example as described in EP 0 302 473, a
carboxypept;dase, for example carboxypeptidase G2 as’
described in WO 88/07378, an amidase or a protease, or most
preferably a glucoronidase, especially f-glucoronidase, for

25  example as described_iﬁ EP 0 590 530. Preferably, the gene

eneeding the deeired gene product encodes a desired gene

' prodﬁct, eueh as B-glucoronidase, fused to a signal seguence

such as those found in immunoglobulins, to ensure its
secretion or local;satzon to the cell surface.

30 S R L _
AlfernativelY:dthe gene product_may-be-awribonucleie acid
such-as.an antisense RNA or a therapeutic ribozyme capable
of promoting the destruction of a particular RNA species in
a cell. ?or example, antisense RNA and riboZymes may be
35 targeted to the gene products of oncogenes. Alternatively,
” they may be used to ablate specific RNA species essential

 for the surviva;_of the cell, thus acting as a cytotoxic or
cytostatic.agent.- Moreover, ribonucleic acids may be used



Pre . i pti initiation si e is the ce
Preferabl ygo deiffoqst F@nscription initiation sit > 1ne i.%ﬂ"ﬁ??szﬂ € e

' e first mmjor transcription .
cte25C gone. o sor element is preferably derived fromthe
cec25C gene. 5 The DNA'repres

cdc25C gene, the cdc2 gene or the le iR Ag nren.ay- - :sl'ge vecg;)r Of;t'rllﬁe
[ lon is a nucleic acid vector I C _ RNA DNA
l/g\é'?gf'l gay be of linear or -~ 10 circul ar configuration and adapted for

' i et based on
U ruses Such asyteiromitol or Stonan o Vet Sefining 155 Saregeien
i such as; VI _ , _
?”nr?gef’hesgel I gjéélgéréé.) dd Y eover, |linear and circul ar DNA nol ecul es

' ' enones, as set out in the-extensive
are known to integrate into cell 15 g [ out 1n the-extensi

2001 S SRS ] b o, SR e
t;ggﬁgtenzg soﬂgﬁn‘%"%c’?jrﬂ’bgr% ieg c(;’g?ua@rsic apzonqérteji:-erl:ndt_ _isHOEEEQﬁ?
g b Somtre o sty ok 36 Lo 410,
the roducti on aP ey JAnlGe cr rififie: | dikeneynkhesic sprepetent
on t E\e cel | GOPRTi SR Ictinsudr dr chalt eypetspetis s @@%uufaglﬁ‘:g-kéﬁ%gﬂ%%
exanmpl e, in the iznsadaitiby %Ezﬁﬁéde%élgxg%sw r& %& gra?RFG?hﬁHé%:ahso

0

the targer cf1 Biaysé. heo Pk saabishes. locareddssmediatel potoinsbrad Nor
i nvent i gn al | onthe repoessor ore dmeriteCivhieh I MEr BRI C e f ol et IS Sl
only at initiation sitgs. Preferably, the tissue or cell type-
: specific regulatory element is positioned upstream of the
repressof elément. Alternatively, the repressor element may

15 be inserted int_o the context of a complete trans_cription

control unit of a tissue-specific gene. In order to achieve

maximal repression in resting cells it may also be

~advantageous to insert into the chimaeric promoter multiple

copies of the repressor element, preferably in a head-to-

20 tail configuration. These strategies provide promoters with

dual specificity, i.e. tissue- or cell type-specificity and

the dependence on cell proliferation. Where the vector is

useful 'in cancer therapy, the tissue-specific control

elements are selected to be active in the tissue from which

25 the tumour is derived and to retain their transcription

activating function after malignant transformation.

. Ideally, tissue-specific regulatory elements should not be

~ active in the proliferati_ng, often undifferentiated cells of

normal tissue. These criteria are fulfilled by, e.g., the

30 tissue-specific regulatory elements in the sucrase

isomaltase promoter. The combination of such a tissue-

specific enhancer and a cell cycle-regulated repressor, such

as that of the-cdc25C promoter, allows the construction of

a vector that drives transcription preferentially or

35 specifically in tumour celils rather than in normal tissue.

The regulatory sequences referred to above include
enhancers, which are prefer_ably tissue specific and
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i in the repressed state.

Moreover, the regulatpry. sequences c':ontémpl-ated for use with

the invention include Locus Control Regions (LCRs) as
described in EP 0 332 667. LCRs have the ability to promote
integration~site  independent expression of transgenes and
are .thus. particularly usefﬁl* where the véctor of the
invention is to be integrated in to the genome of the target
cell, as they will ensure that the gene product will be
expressed. :

Examples of genes havixig regulatory sequences, including
enhancers, useful for expressing anti-cancer gene products

.may be found in the relevant literature (e.g. see: Sikora et

- 25

al., Ann. N.Y. Acad. of Sciences, 716, 115, (1994); Osaki et

al., Cancer Res., 54, 5258, (1994); Dihaio et al., Surgery,

116, 205, (1994); and Harris et al., Gene Therapy, 1, 170,

- (1994). For example, in the case of colon adenocarcinoma,

30

regulatory sequences derived from the 'carcinoembryonic
antigen gene, the sucrase isomaltase gene, the ‘glucagon
gene, the villin gene or the aminopeptidase N gene may be

‘used; for gastric and oesophageal adenocarcinoma, the

.35

sucrase isomaltase gene; for pancreatic carcinoma, the
mucin-l gene or- the villin gene; for small cell 1lung
carcinoma, the neuron-specific endolase gene or the DOPA
decarboxylase gene; for lung adenocarcinong . the surfactant

‘protein A, B and C genes, the uteroglobulin/CCl0 protein
gene or - the  aminopeptidase N gene; for thyreoid

adenocarcinoma, the calcitonin gene or the thyroglobulin

The gene
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[err]-glucoroni #®Re. fused to a signal sequence suc .

[ [ | ocalisation to the
i i [ to ensure its secret_l on or ) _
I nI : mrup](c)glcgbul | ngo | Al ternatively, the gene pr oduct may be ?_ o
e boniel eia o5, JHe promoger 284 FPniRe ks segueRiesyr 1?;%{&?&?3%& %&%gi 8g¥{E
capable e oA Sl deidy Whdhert POE L5 Shventiarb, et be o

a cell. For exyigyinedlis ﬁigzae CHIG RATYRNGE encoding htiye ndys hred!s@ishd O
the gene products of oncogemes =~A ivésy dyien!eWrahnofidhe Sl
abl ate speci fi c FRQSUSScandspackaged dn a de%;‘t'iiaf'a e fégr eovg?,
thus acting as aecCthet Eék@eﬁ&cellsm%& of 2 itable delivery systems
ri bonucl ei c Olgg' q%cqau\éebsiggle. delivery systems (see Sikora, K.,OTiBt8&h, 13,
PCT/ GB95/ 02 : _ : - . o the cell.
cel lul ar DNA di A8@tR@1,pr a\sarsy)i NGk ich EXPEESSA AP speakmg, may be of
retroviral, adenoviral, adeno-associated or any other
. suitable viral origin, and include.virus—bas_ed systems such
as virosomes. Moreover, non-viral delivery systems are
15 suitable for use with the invention. Such delivery systems
 include non-targeted delivery Systems such as liposomes.
However, targeted delivery systems are preferred. Most
preferred are receptor-ligand médiated uptake systems,
particularily antibody targeted uptake systems. Suitable
- 20 antibodies for use in such systems are particularly
antibodies to tumour-associated antigens, such as antibodies
to carcinoembryonic antigen, neural cell adhesion molecule,
the EGF receptor, TAG72, gangliosides GD, and GD; and other
antigens known in the art. The antibody may be a "natural®
25 antibody such as IgG, or a synthetic antibody ' "fragment"
such as Fab or Fv, or a single chain Fv (scFv), which is
Preferably a humanised. antibody fragment comprising
humanised constant regions combined with non-human CDRs, all

of which fragments are described in the relevant literature.

30
' Where the  gene product . encoded by the vector of the
invention is a Prodrug activating eénzyme, the prodrug may be
a cancer-specific brodrug. Alternatively, the prodrug may
be an agent which, after activation, has a general cytotoxic
35 or cytostatic activity. The latter embodiment is

particularly useful in the treatment of tumours.

In a tumour, relatively few of the cells are dividing.



A particularly preferred aspect of the invention is the Bﬂﬁ?&mtion of ~

a chi nneW@94/068480t er that is active preferentially or Specitically in
the dividing cells of a specific lineage or tissue. Thi s

synt hetic pronoter conprises a tissue- or cell type-specific

regul atory el enent in addition to thet®epressor el ement, and shoul d

al so 10 incl ude t he DNA sequence | ocated i nmedi ately downst ream of

G es ™ brofer TREPE bailt FRiDE’ B8 AR pREa: O ERE BEbARug, on BciVAKR.
el ement is posHowevmd upft tbempsPdrng lS camqﬁl@ bibl@ﬂ 3150 a few

Al ternatively, cbiigs rﬁﬁfz@oiﬁﬁu@ SRR NEuhGYr eﬂealbenbasaiofdm@taﬂ&ﬁ- ealngxt
of a conplete transcrl Eal on cont.r.ol

order to achi e¥dll ?Fnﬁﬁitr'epﬁ%td?q n“? egﬁ?ﬁr Césggwgecl 3 gfsgg

advant ageous tﬂunmrt | Ifrefidrabdly,mathec prodougy mnde plaa:tlvatadopl és of

the repressor g&ﬂ@ﬁe%i f&f&@fw df ad'Pnidbe male-hdlee, COBChOhAL! 98-

These strat eqi rovi Speci. ti 3Sue-
or cell type- spbbffﬂ%t tbe MQHSPOI'FH@ iR ASEANR LO3H EeP| TaF o€/#9%rt&!q §ite
Wiere the vectgg aétivati®ef ul in cancer therapy, the tissue-specific
control ~~ elenents are selected to be active in the tissue fromuwhich 25
the tunmour is derived and ‘to -retain their transcription activating
function 1aftEn anskecondntaspectarcs dthetinvention, dekére isi providedcafic

regul atory el eg%i‘ ef?@?é”f’e&?ia’@é‘d i]'.rar?é\éfz‘fﬁudhatlh‘%dﬁ';"glsbiﬁr ating, often

undi fferenti at normal tissue. These criteria are fulfilled
by, e.g., the 30 tissue-specific regulatory elenments in the sucrase
i somal tase pr Oﬂﬁteiampﬂ'élﬁbt?@ﬁﬁmat repre’ssencbsaa tprestiesinaceouspeeptessor

enhancer and a gﬁggkéi\gﬁasgéé” :Eﬁxseléq}.on of A tcﬁ@?s?:f gene,

t he-cdc25C pro ruc vector t
transcri ptiién preferehlyal ¢f othes hupani f¢d§£5€/ igeney masr @@Ielcs}-fﬁ-éﬂlléh’

thaln :jn nor Ml elbfipyfried herdilf é%z’ﬂté&r}é &ﬁq@wmeheabae to above
i ncl ude -
The .rg_pre_s_sor is pr_efer'ably a protein or a complex of
: proteins. However, chemical analogues thereof, which are
20 not necessarily proteinaceous but which have the same
function, are envisaged. ) ' '

The invention also comprises mutated or otherwise altered
repressor-derived proteins or chemical analogues of the
25 repressor _t__éhi_c;h -mimic or improve upon its activity. Where
the repi'esso_r is one of a family of ' proteins, the
differential activity thereof may be improved or altered.

. The repressor of the_im'_rention functions in association with

30 é DNA repressor element which binds specifically to the
entity or entities comprising the repressor. 1In the case
of the cdczsé ‘repressor, this DNA repres‘sor element is
located upstream of, and overlaps, the cdc25C gene promoter
and comprises at 1least part of -the sequence 5'-

35 GCTGGCGGAAGGTTTGAATGG-3', or a funct:.onally equivalent
mutant or homologue thereof.. '

The invention further provides a nucleic ac_:id sequence or



T ' referably tissue specific and VO S50 B 000
gg??gggg/sb%&lo%a&sﬁe P contri bﬁte to the restriction of the expreSfS| ?ReOf
t he gene product to the target cell type. It !-.;__._.5:'5_;3?‘”_ advant a‘?ﬁeocell
i nvention that enhancers may be used withou conprom si ng e e cel
cycle regul ati on of. expression fromthe vec or. 5 [f, unli esed' e o
present invention, a cell cycle regul ated activator were u ,

‘an enhancer woulséguengescendeding the ié&pfesdvt ( 5§i§glih§sb%gm%g&ilc%vel

i pti f a repressor,
of transcriptio USG5 Yuch! 3¢ falf .
results in P ?ﬁgtﬁggat | onpgo he & Pe%#é B1C 3R L SegNeBCe AE FeTReNnges . OF

10 is in the repressed state. Mor eover, the regul atory seguences

tl8i [ ' Pars . Cont ro]. Regi ons-
it o et S M ot
15 integrati Sn- &1 ?e ] ngzép%rr‘a&ﬁ‘[c‘%?p §sPBRiGE ToRFRIROR STaAt leastrand lofs

particul arly usth@l campeent® ofctbe vkpressor, bbvAKtORE tHed ressor

integrated in terthgaengge £ tadedr gk cff %lel 83 tﬁ%%¥§\gq!ﬂ|m e

that the gene ppoduct |1, be expresse -
havi ng regul at o?§e 2 V\i%e%l}e italedicngdcid seguancerer semiencérarexpbRASI NY

anti-cancer gene products may be found in.the relevant literature (e.g.

see: Sikora;gt A complementary DNA (cDNA) encoding the repressor or
' components thereof can be isolated by screening a mammalian
'cDNA library constructed in a pPhage-based prokaryotic
expression vector with a radioactively labelled
dl_igonucleotide representing the repressor binding site
15 according to established procedures 'l.cnown to those skilled
in the art (Singh et al., 1988). ' The cDNA can be derived
from any cell type or tissue where the repressor is
expressed, such as human fibroblasts. Alternatively, a cDNA
~ encoding the repressor or components thereof can be obtained
20 by hybridising a mammalian cDNA library constructed in a
phage-based vector to a radiocactively labelled, synthetic
' oligonucleotide probe. This probe is deduced from the amino
acid sequence of proteolytic fragments of the respective
protein. Such fragments can be obtained by digesting the
25 isoclated protein with appropriate proteinases, such as
. trypsin, chymotrypsin or V8, and separation of the resulting
fragments by high pressure liquid chromatography. These
techniques as well as the micro-sequencing of polypeptides
are described in a vast body of literature (e.g., Meyer et
30 al., 1991) and known to those skilled in the art. Isolation
of the repressor itself can be achieved by conventional
biochemical purification - procedures . (ion exchange,
- hydrophobic and .size exclusion ‘chromatography) followed by
atfinity chromatography using an immobilised, multimeric
35 repressor binding site according to published 'procedures
(Briggs et al., 1986), known to those skilled in the art.

The invention fui'ther provides the use of the nucleic acid



v

al., Ann. N Y. Acad. of Sciences, 716, 115, (1994); OCsaki ,
Cancer R&WO096/86943 5258, (1994); Dihaio et al., Surgery, ﬂﬂ@%;%lm
(1994); and Harris et al., Gene Therapy, .1, 170, (1994). For exanpl e, .
.in the case of col on adenocarci noma, r«igul atory sequences derived
from the carci noenbryonic antlgen gene,"“t he sucrase isonmaltase gene,
the glucagon 30 gene, the villin gene or the ami nopepti dase N gene may be

used; for gastrg LESP P RAGRRAInRLENoLR ! QEEQmaastQﬁ expf%lé(\sﬁ.% vecith%r

[ SOITH| tase gene; )ancreat i’ c carcl honma,

villin gene; f(S’f“ﬁFe?'l %PPchuﬁg‘u°1ek%Palﬁoﬁagueneemm@msf i tn the -

endol ase gene @rdduztidiA ofi5tHecardyvedstic Peoeein Or protdiad % @A,
t he surfactant partsort%te‘i-' e B and C genes, the uterogl obul i n/ CC10 protein

gene or the T am nopeptl ase 'N gene; for thyr oid adenocar ci noma,
the calcitofn gene or the thyroglobulin . = % : - PCT/ GB95/ 02000 WO
96/ 06943 It is possible that the repressér will ﬁ%ﬁﬁfl&@rapfﬁ%g e'z:ifh

e

carcinonma, the st.at e- spec C .,antl ano
tyrosi nase gengp (?% T?g5 ibi "&@t‘l‘g'sl’ec"glgﬁgiﬁrm%?s%d"%ﬁﬁr’tﬂ"e
- sequences, |ncld|i¢ff|eg'mlge agetiviyies in differentd tVLbuesppr eIior satkmant

of the inventi %’l’tu'mﬁgu ¢, the ir 1Wc%£plge$%l%ﬁ%gjgﬁ]gea§ né:ooﬁj' i he

desired gene packaged I n I'Ver
admi ni str at1|°onPr°telf‘o°F h9r9‘6¢99§ £xon sthe,fand|lys iOf Osdetabb eaciel éveethe

systens . desired effect in the target tlssue.
In a further aspect of the present inventien the repressor ‘-
pretein, protein.complex_or parts'theteof can be used in an
15 assay for antagonists or agonists of the repressor function.
Basically, by performing such an assay it is possible to
identify substances that affect repressor action. Methods
- for identifying such antagonists or agonists are well known
~ to those skilled in the art and are described in the body of
. 20 literature known to those skilled in the art relating to
such assays. :

In a further aspect of the present invention the fepressor
: protein, protein complex or parts thereof and enhancer
25 binding proteins can be used in an assay for antagonists or
agonists ' of the repressor function. = Preferably, the
enhancer binding proteins interact with the enhancer of the
cdc25C gene and the equivalent regions of the cdc2 gene or
. the cyclin A gene. It is further preferred that the
30 enhancer binding proteins are the glutamine-rich CCAAT-box
binding proteins (such as NF-1/CTF) and Spl fanily members.
,Bas1ca11y, by performing such assays it is possible to
identify substances that affect repressor action by binding
_to either the repressor and/or the enhancer proteins.
35 Methods for identifying such antagonists or 'aqoniets are
well known to those skilled in the art and are described in
the body of literature known to those skilled in the art

. relating to such assays. :



1b I ncl udewag@k,@el I very systens "(séé Si kora;- K., Tibtech, 11
197-201, 1993) which, broadly speaking, nay be of mf%‘fWal_,

adenoviral, adeno-associated or any other suitable viral origin,
and include virus-based systéens such : vi rosones. Moreover,
15 suitabl e'dor use with the invention.

non-viral delivery systens are
Such delivery systens . i'ncl ude non-targeted delivery systens such as
| i posones. However, targeted delivery systens are preferred. Most
preferred are r@ggpPEoLys 'g@p I at ed uptake systens, particularly
anti body target Sg gg?ﬁ(éeisys%efg%ge ireabien mamme papiledtedr iyse \ﬂa'i-ié!gh
systens are par?tc Bly o inftudrmb cexpraedsiiByil ofiS ha ant.Lgens, 5uch
P FYR AR e i ated

as antibodi es gené® Hivd BHGIUEY: i tigen, neura
t engF receptor, ﬁ%%f?,eégaﬁgﬁ&?ﬁé@gemmom ofDells. and

nol ecul e,
ot her anti g'g{gs kAB%n *Pn Ofh&edavancehd i ocyntryl ber aqiBaL4EAL " ﬁé‘g
anti body such #isepmesr whichnt bavoIvéntapeedant 1 gyent’ . sucﬁ as or
Fv, or a singl eexpifed %@iﬂ ich i pre?erfgblg;'%{"mﬁié’@d as
ant i body fragment corg)ri Sl rﬁﬁ NUTANT st TARTESROT e ke admiihisterbd h
non- human CDRs, “%I%3rget ge éﬁmgaglmeappropeideécagggqe}? LhgeLs! evant
literature. 30 as aMidpeschle dg%rﬁr% gpcoded b he? VEEFor S¥FR ¢ he
invention igga 4y, légtagk: va%i ng erizyfte, tHe ﬁr%ﬂ&ﬁﬁ "F‘%ﬁedéy orgprevent

' arug. OA BAFRSES v elAL tarmativedy,g nueyteic 88ia"e At ng

cancer-specific pro

whi ch, after adhesFepsessbasmaygeecidhipid ' oL tostafic
activity. a Bidtabha! he ivgg?og' lnt‘ 'L@Sx@& q;p?griﬁe cSF&%y 23in|using he
Fln a unggﬁ,emr eFUEh 2% ythese dknovre telpersym

t reat nent  of tlél;EDlirlS- .
di vi di ng. illed in the art and referred to hereinbefore, such that
the repressor is produ i n
. _ p ced in the target cells in situ.
In a further aspect, the invention provides a method for the
treatment of a disease which is associategd with aberrant
cell proliferation comprising the administration to a target
cell of a vector according to the second aspect of the
20 u.wentlon, wherein the gene pProduct is of therapeutic
significance in the treatment of the disease

I'Jiseasc.es amenable to treatment by the method of' the
invention include cancers of all types, but also oth

25 Proliferation diseases. For example, the treatment ot
_ psoriasis is envisaged, as is the treatment of irxflaum:at:o°f
t.iisease, certain viral infections, especially virailrf
induced cancers and warts, where the virus is responsibie
for the deregulation of the cell cycle, fuhgal infecti

30 and proliferative heart disease. o

The invention moreover pProvides a vector according to the
second aspect of the invention for use in medicine

35 The invention is illustrated in the appended examples, with
reference to the following figures:- - ' '

Pigure 1



WO 96/ 06943 | PCT/ GB95/

10 wodsasedicel | s wll be ablated by the prodrug on activa Is:g%qoo
However, if the prodrug is capable of killing also a few cells
surroundi ng the tumour cell, non-dividing tunour cells will also be
hit, resulting in faster destruction of tht* 5 tunour. Preferably,
the prodrug, once activated, 1is relatively inmobile or has a short

hal f-1ife, suc at it Wil .not be tran rted ip active formtqq far
fromthe site gl ofYGlei FRIHRELoN ?% Iﬁgﬁéggcd‘ﬁh §Eﬁec’?mﬁnt%pl°’%' |
i nvention, thefdbreblastidelllaline Wirel§ afiteire serugustimulatiorsof weildsal
repressor. Jagels ' SMCh, ' r OL £l N 15 '
ropressor  ScERoRiZEY fn To Bt pefub B aficlcn R bl H HitRaLly.
15 preferably C¥FlipgeHLngffrligidractipnated by cpurtertlgy elutriation
exenplifiedshens)n a cdc2 gene or a cyclin A gene.-’ The repressor is
preferably a protein or a conplex of . proteins. . However, chem cal

anal ogues thereof, which are 20 not necessarily protei naceous but which
have the sane Figuref dmct ReversecPGRvanaj¥gis of stimnated,Jdmdigocedlse

conprises mutaggd Qhedlkhekpte8sibheiginot cell CoyEPE Uepltidertd Riadl @isea Of

chem cal anal ogues of the ~ 2? regress]?r Wni,fh m m Cc_or ,jmnprove upon its
activity. WheR§ an internal - control. imes are intervals post-

10 stimulation. Quantitation of the results was by f-radiation
scanning (Molecular Dynamics PhosphorImager) .- Relative mRNA
cdc25C expression and the fraction of G2 cells as determined _ ‘
by FACS  analysis are plotted against the time post-

 stimulation. : '

15 |
Figure 1b: Expression of cdc25C mRNA in elutriated HL-60
cells determined as in panel a. G: non-fractionated cells;
F2..F12: fractions collected by counterflow elutriation.

~ Quantitation of the results was by f-radiation scanning and

20 cell cycle analysis as in panel a. '

FPigure 2 |

Nucleotide sequence of the human cdc25C gene around the
transcription start sites. The two major sites of

25 transcription initiation are marked by a solid square (see
also Fig. 3). Protected G 're_sidues- detected by in vivo
 footprinting (see Fig. 5) are marked ‘by filled circles
(Eénstitutive_ binding gites 1, 2 and 3: CBS 1, 2 and 3) or

' triangles (cell cycle dependent glement: CDE). The 5' ends

30 of the C74 promoter construct used in l-"igs._ 4B, 5 and 7 are
shown by arrows pointing to the right; the common 3' end of
all deletion constructs is indicated by an arrow pointing to
the left. - ' : R

35 Pigure 3 - . :

| Mapping of the 5' end of cdc25C mRNA by primer extension in
normally cycling WI-38 cells (leftmost lane). Control: E.
coli tRNA (negative control). A sequencing reaction was run



the repre one a famly of proteins, t PCTI/GBOS/02000
diff erelr[:t | 2?838’9#93?ty thereof may be inproved or al tered ﬁlﬂe

repressor of the invention functions in aSSOC|at|on mnth 30 a DNA i es
repressor el ement which bi nds- specifically tq_the: entity or en Lh!s
conprising the repressor. I'n the case 3P the cd025C repressorh

DNA repressor elenment is | ocat ed upstream of, and overl aps, the

cdc25C gene promxrﬁngslde t%nﬁe SBﬁBr t5e§%¢@faté§a%eteﬁ:%rm %1 c%w ends of

smejggﬁtncgr honol o %e T e THw9 n%“éﬂPFonSiH%hepfprbradssraptzon
nucl ei ¢ aci d sequidviddatrion ar‘éDﬁﬂ/lea&é’d by arrows. e

11 sequences

PCT/ GB95/ 02000 _ _ | es
encodi ng the repressor, as well as an expression vector conprising
such- a nucl ei csa&i@%dence or sequences. : The nucleic acid sequence

or sequences enc®inetildst of InHARLADHOALFRY ngﬁﬂesﬁfﬁuf%iég %?pﬁfessoéent
oo scoor " o P SERE A bt prsbesar tinkteramssonstructs: ox
Pr gferabl y the mmfeltdc aC!TIREHgUeAZe d&p sefjuehechulizh CE)M1in D1 promoter
' ("a973": Herber et al., 1994) and a 605 bp human cdc2sC
10 upstream fragment in panel A, and of different truncated
. ede2sc promoter constructs in panel B, which also shows the
results obtained with the HSV tk-promoter for comparison.
Panel A gives the measured activities (RLUs) + panel B shows'
the level of induction for each construct tested (i.e.,

15 values relative to activity in G, cells).

- Pigure §
Transient expression analysis of terminally truncated cdc2scC
promoter-luciferase constructs in quiescent (G,) versus
20 stimulated (G;) NIH3T3 cells (panel A), and in qu:l.escent
- (Gy) versus normally cycling (growing) cells (panel B). The
stimulated cells were ‘analysed 26 h post-st:.mulatlon, i.e.
the majority of these cells were in G,.

25 Experiments were performed 4-times with 2 independently
prepared sets of plasmids. Relative activities of the
different deletion constructs showed standard deviations in
the range of 5-30%. Mean values and standard deviations are
not indicated in this Figure to be able to show the actual

.30 luciferase activities rather than normalised values.

Figure 6

Identification-of protein binding sites in WI-38 cells by

in vivo DMS footprinting of a ‘region spanning nucleotides
35 =90 and +20 in Panel A and nucleotides -21 and +8 in panel

B. One G,-specific binding site (CDE) and 3 constitutive

binding sites (CBS 1, 2 and 3), which are protected under _

all growth conditions, can be identified. All protected G



10 A conplenentary DNA (cDNA)- encoding the represso
conponenW® 96R6M3of can be isol ated by screening a mmmllgﬁr'%9ym

library constructed in a phage-based prokaryotic expression vector.
W th a radi oactively | abel | ed ol |Ggonucl eotide representing the
repressor binding site 15 according to et€abl i shed procedures known to

those skilled . in the art (Singh et al., 1988). The cDNA can be deri \)ed
fromany cell ue t re express d, such as
numan 11 br obl sEVEcegfs . 4F3 m‘?ﬁ“ i i P edds-

~conponent s t heFeatrehn . Béksﬂtd? dEEQhYbﬁrtﬁ?bmmmihgoa rratmabuaascm

li-brary constrggigeiated and @P@ﬁﬁn@aﬁfﬁhdeéé?ist Y @héagtgﬁﬁiaﬁgaybﬁl%s o

| abel | ed, theti b
the amno " ere 2 BRebRFLBRERRARS P shmcRR1BE Y nf chaseceeiis
protein. Sufh vereg nmtt'sz.caa. bEndependent weps tytsiom @£ the? expegdhéhtdin

protein with &prigt t 3a°r§§ su tr S|n or
V8, and separatl on ofﬁt e rsle)s%. G f‘(r';%l%fents %ﬂ’% gh%gr e?égg

chr omat ogr aphyPoPUlfeken tﬂﬁ;‘mﬁ e§Y5§-i\ESI WIz38 ﬁslﬂrﬁc-:ro sequenC| ng of
pol ypepti des are ,descrl bed in a vast body of literature (e.g., Meyer et
30 al., 1991) f%‘mﬁwn to those skilled in the ar_t. | sol ation of the
repressor 'itse e achi eved by conventi onal bi ochem cal

purificati 88 Transient csexpressgion exanmlymis of hyalr opdc2scC apzlomotae-
excl usion chr OIWéPﬂéﬁ&w)céﬂétﬁ!\@@' E&ntalnﬁﬁé' Bl éaTgﬁ g‘B gﬁség
cor u ed

i rmobi | i sed, nultl r|c sar |nd|n site ac
procedures &ugﬁce Z gb'lpﬁeﬁﬁegk(%)e IHATS (rekis .

The invention tpuxiélbmprwftie;raﬁta Ltﬂm Qtfn il Bt (GYFi Persus growing
cells (panel A, right graph) The CDE sequence was mutated
15 as follows: ...CTG_GCGGAA..->..CTGATCAAA..  (protected G
residues underlined; mutated bases double-underlined).
Panel B shows the results obtained in 6 independent
experiments.  Values separated by slashes ' indicate
luciferase activities obtained with €74 (left value) and
20 V74R1 (right _\?alq_e); respectively, under different growth
conditions (top panel: G, and growing; bottom panel: G, and
G,). The increase in promoter activity caused by the CDE
mutation is also indicated for each pair of values (fold
increase). Averages and standard deviations for G, and '
.25 G,/growing cells are shown at the bottom, indicating that
mutation of the CDE in C74Rl1 led to an average 12.8-fold
increase in G, cells, but only to 1.6-fold increase in
G,/growing cells. ) '

30 Pigure 8

A) Nucleotide sequence of the cdc25C upstream region.
The two major sites of transcription initiation are marked
by a solid square. Protected G residues detected by in vivo

' footprinting are marked by filled (.) and open (°) circles

. 35 to denote strong and ‘partial constitutive ‘protection,
respectively. Cell cycle-regulated protein Binding to the
CDE is indicated by asterisks. = Y .-boxes 1, 2 and 3 are
shaded, Y .-box 1 being the most downstream one. Arrows show

‘ .



5 pemceos)
. 5/02000
?g 96/0694?33&8%@% or sequences, as well as an expression 8%%%%P

~conprising such a nucleic acid sequence or sequences, in the

[ I | ex or parts. _
[ he repressor protein, protein conp _ _ _
Pagggg;lon Og t IP i s possible that the ridpressor will conprise a famly

of proteins, possibly tissue-specifically exprﬁszed{ MhL?Pugﬁygn the

Mnventi on conpr | sae. a6l eos ne e SF Sthe, déleliSs Cronstmicts onmeds inom

R Tant Ty T A o) a2t S5

broter o e g ps UMRREARCR T QR YRR RN
[ [ o] I, -par,te ereof -, ) _ _

Bt agon sts o Agana SosFiale ("] PEBERPtiGR: dRoaLl thregaatquhgesy

perfgrning stth an assay it is possible to | deftify substan _

igtirieo i dentifying such antagonists or
WAl o Nhth?gsthoselgﬁ{lled in ?he art and are descri bed

10T oty o SRS pepnad AR it dvrminati Beunchcad asers
such assays. Promoterzlugiferases p@ﬂisﬁuéift g.&xte ﬁgi?%% é‘égﬁgt ;(%r;%m versug
EDTESSOT o SESUING NEUSKS! BaSOUT o, 8LpRAL LI 2L, AT SMArcHIO
of the ' epresSsr EPAREELEN. (seekas Mgy, 8) haALd pLaeaidBcREr B 121
proteins interabp wbbhohh@dwﬂyﬁﬁa@hzﬁftfﬁé fﬁgsgsgﬁgﬁigfg%“esztert Mean
equi val ent regi Hgf?ﬁg#gﬁe%%&%e%en?czw_ in growing cells = 100%) of 3
further preferrgndependent experiments and standard deviations are given.
Factor is the ratio of the values in growing and G, cells. -
15 & site indicates which site was deleted from a given
construct with respect to the preceding one (one 1line
above). Arrow heads point to those sites whose deletion led

to a significant drop in activity (230%).

20 Pigure 10 .
Transient éxpression'analysis in quiescent (Gy) and growing
NIH3T3 cells of cde2sc promoter~luciferase constructs
hafbouring specific mutations in CBs elements. Black boxes:
CBS elements in Y.~boxes; grey boxes: other non-mutated
25 elements; open boxes: mutated CBS elements. The analysis |
. and evaluation was performed as in Figure 9.

Figure 11 _ .

Transient expression analysis in guiescent (Gy) and growing
30 NIH3T3 cells of various cdc25C enhancer fragments linked to

the C20 basal promoter construct with either a wild-type or

a point-mutated (RT?7 constructs) CDE. Black boxes: CBS

elements in Y _-boxes; grey boxes: other non-mutated

elements; open boxes: mutated CDE (RT? mutants). The
35 analysis.and evaluation was performed as in Figure 10.

Pigure 12 . |
Mutagenesis of the CDE. Constructs were tested in both



30 enhancer binding proteins are the glutamne-rich CCAATBQ@ 0 mﬁl ndi ng
pr ot ei ns WO OE#E%% NF- 1/ CTF) and Spl fam |y menbers. ggﬁg '

perform ng such assays it is possible to i denti fy. subst ances that

af fect repressor action by binding to either the repressor and/or the
enhancer proteins. 35 Methods for |dent|f’3ﬁ ng such antagonists or agonists
are wel | known to those skilled in the art and are described in '

the body of 11 .gfaLubfe UM GiSidP Wbt |G ld) the art. relating to

such assays
PCT/ GB95/ 02000 WO 96/ 06943 . ' 13 .
The repressor pigﬁhg ﬁtventlon can be expl oi ted In a variety-——-- "of ways,

to influence e essi on, of cycl.e r | at ed enes and therefore
affect the cycﬁﬁ@ genesis. (ﬂ/ﬁc ﬁ:h(?f %@I"f’g ggg"se?h?%e LE%*? jand, Posdtdeantao; n
t he control Sof Cdhstructs wemke testedi inabethvdimidscémy and: griowihgnNIRSTS
proliferation, c@fis. @: eﬁ@”?ib{tffﬁcm Caifféféncd hfnrggéf?f% gwape

adnmi ni st er ed to target cells Using an appropriate (5 S5 20
such as oy %%on%‘?“del’iﬂ/et‘g‘m iceldsder +td:deBay &P piéveeld 10

t he onset of ndépednelatidrey nairows! }‘-z-l‘iwlllldeﬂ@c&@héeﬂnﬁe@hﬁﬁlty. Néh:tﬁa or
repressor cells 1¥sing - a suitable
delivery syst eﬁff@%%#ﬂééé 5{1%% s%em é’r‘?gg skilled in the art and

referred td0herei nbefore, such that the repressor is produced in the
target cells |f\iw¢| 14 15 : :
Repression of the SV40 early promoter/enhancer region by the ‘
CDE in transient luciferase assays. SV-TATA: A natural SV40
cortstruot containing the §SV40 early promoter/enhancer
15 region, TATA-box and transcription start site. SV=C20:
fusion construct consisting . of | the SV40 early
promoter/enhancer reg_ion' linked to a minimal cdc25C promoter
fragment (-20 to +121) harbouring a wild-type CDE. SV-
C20R1: same as SV-C20, but with a mutated CDE. All
20 constructs were tested in quiescent (G,) and growing cells.
Data were normalised to 100 for SV-TATA in G, cells.

~ Pigure 15 . _
Sm:.larztles of cell cycle-regulated promoters in the region
25 of the CDE and CHR.

r:l.quro J.s

Similarities of the cdc25C, cdc2 and cyclin A promoters in
_ the region of the CDE-CHR elements and upstream sequences
'_3Q resembling reverse CCAAT boxes (Y-boxes 1 and 2 in the

cdc25C gene). -

Materials and Methods
35 I o! . 4 .

A genomic library of the human lung fibroblast cell line WI-
38 construoted in 1-Fix (Strataqene) was screened with a
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Erimer extension analvsis

10 32P-labelled Primer (10pmol) and'total RNA from HeLa cells
were denatured for 10 min at 65°C and then incubated at 37°¢c
for 30 min. Primer extension was carried out in a total
volume of SOul containing 50mM Tris PH 8.3, 75mM KCi, 10mM
dithiothreitol, 3mM MgCl,, 400uM dNTPs, 2U RNaszn and 400U

15 M-HuLV reverse transcriptase (Gibco=-BRL). After incubation
for 1 hr at 37°C, the reaction was stopped with EDTA
followed by an RNase treatment. The precipitated DNA was
subsequently electrophoresed on a 6% acrylamide/7M urea gel.
The following 5' primer was used:

20 5'-CCCCTCGAGGTCAACTAGATTGCAGC-3'.

Exonuclease IIT treatment

For sequence analysis, 5' deletions of a genomic Accl/EcoR1
25 fragment were performed by exonuclease III digestion using
a nested deletion kit (Pharmacia~LKB).

30 Site directed mutagenesis was performed as described (Good
and Nazar,. 1992) - with slight modifications. Two
complementary primers carrying the mutation and an
additional restriction site Plus a second set of primers for
subcloning were designed. The first PCR reaction (Saiki et

35 al., 1988) was performed with (i) S5'cdc25 and 3'mCDE and
(ii) 3'cdc25 and 5'mCDE as the primers. The resulting
products were purified (QIAquick spin PCR purification;
Diagen), digested with the enzyme for the newly created



14 cycl e regul ation of cdc25C in the human di 3
fi brobl a?P’é@ﬁ“I ine W-38 after serumstinulation of cel ?H}&womw

. synchronised in GO by serumdeprivation (a), and in nornally _Cycl i ng
HL- 60 cells fractionated by counterf low elutriation 5 (b).
Figure 1a: Reverse PCR anal ysis of stinul #0d w-38 cel I s L7, whose
expression i s not ceII cycl e dependent, was used |nternal
control . Ti ng é/al @ 0) % t ant i n of
the results was ﬂd-ragle i:.gQ éﬁ and1 amgﬁﬂ C‘Fe%ﬁl %ﬁﬁ!ﬁaéé’? _

Phosphor | rragerr)eaq%‘ﬁﬁ i \P&HFRI\IAS'CdC”CdBQQC %S&#@l apeimersiractThe of
@ cells as de;tewmﬁledg fragmdﬁts EéQSyﬁ@a'thS' ﬁutaEQonpbeiréeéIoﬁQ@ %%t he
C

t t-

TRNA, el ut % PHERORng FRRtE igkion B1E4ma0F; Fhparares, rpmotar-
non-fracti @athmmﬂase construct-12:: .f Thet i mutadt! | eaiscd vrified ergy ow
elutriation. e,@ﬁ.@t i tat-m)g (ertﬂ?ré eﬁght st S f@ilb%rﬁ\l; égt@éﬁg%

s%‘
scanni ng and ceII cycle anal’ysis as I n

Nucl eoti de sequU&RS2 ECga ﬁ@ SPSGAGCr%: 3'cde2%Ynscription

start sites. 5'-cﬁmmcmamasmsmct-3'255mansprl ption initiation

are marked by ﬁ*%ﬁp:a:;s . Protected G residues
- det ected by Il’?aVI VO T‘ﬁoé\prln |nﬂsé§‘i‘ﬁggg‘5) are marked by filled

circles 10 3('a&RHi MW@W#&MG&S‘CAGCQC&EMC@S 1, 2 and 3) or -
triangl es (ceII cycle dependent el enment: CDE).. The 5 ends 30 of the

C74 pronoter c¢onstruc used n i gs.,. 4B, 5 and 7 are shown by arrows
poi nting to t REYERGH-E S-SHTEH 2

For cDNA synthesis, 4ug. of total RNA (Belyavsky et al.,

15 1989) were annealed to lug of oligo(dT) and incubated with

200U of M-MulLV reverse. transcriptase for 1 h at 37°C in a

final volume of 20 ul. - One tenth of the reaction mixture

- was amplitied by 17-25 cycles of PCR (Saiki et al., 1988) in

the presence of 0.5uCi. a-’zP-dC'rP The PCR products were

20 quantitated by A-radiation scanning using a PhosphorImager
(Molecular Dynamics) .

Ce c N sfec i

25 _WI-38 cells were obtalned from the A'rcc. All cells were
cultured in Dulhecco-Voqt modified Eagle medium supplemented
with 10% fetal calf serum (FCs), penicillin (100uml’') and
streptomycin (100Uml’'). NIH3T3 cells were transfected using
the calcium phosphate technique. 1x10° cells/dish (3 cm

30 dlameter) were plated 24 hrs prior to the transfection of
‘Sug of DNA. Cells were harvested by scrapinq and lysed by
three freeze-thaw cycles.. For serum stimulation, cells were
maintained in serum free medium for 3 days. Stimulation was
carried out for the indicated times with 10% FCS.

35 Luciferase activity was determined as described (Heiber et
al., 1992). Results were corrected for transfection
efficiency as described (Abken, 1992). -



eﬂ | del et @g@ ructs is indicated by an arrow pointing t _ t he
'vggg |g§;re 3 Mappi ng of the 5 end of chZSCgﬁﬁﬁR’W“ﬁ}i mer

left.
normal | ycycling W-38 cells (l{eftnost lane). .Control:

extension in
E. coli tRNA (negative control). A segyencing reaction was run WO
96/ 06943 _ PCT/ GB95/ 02000
15 al ongside to be able to accurately determi'ne.the 5 ends of
cdc25C nRNA jmtingites of “transcription initiation
are indicated by arrows. 5 Figure 4 Kinetics of induction after
serumstinulatign of quiescent =~ NH3T3 cells of different
pronot er - | uci f egﬁgeg G fOP§Printing (PAGELek ot BRE) 19897 n%fg--ggil

t. al . 1994) "and a 505

human cyclin Diwerengtawn to 70¥ "deHf ey .. +
bp human cdcg5Gy. %%&M am b1 aﬂrrent in?ane A C8 8BLS trepted with
bp human. CUco5C protor EPEBRE FOME)L 59F amdhn.B AfteriDMS teeatauft | he
resul ts obt ai netPid$ Weliee vAsShedkthreet e a/i tho @A P88, ana thpaﬁﬁéf 8
gives the neasuisshaxdd.vi gty FEELS cgarﬁ:_%shows i (he e rou i
i nduction for eanChVC%nSt ruct ‘tested (1 e 7" 1TMMAS DN sepvBethyhated ity
in Gerr] cell SJ). 1tro with 0.2% DMS for 10-30 seconds. Piperidine
. Cleavage was performed as described. For FACS analysis and
10. sorting, the cells were trypsinised after DMS treatment,
. ’
rfsuspended in PBS and fixed in 70% ethanol overnight at
4°C. The fixed cells were washed twice with cold PpBs and
resuspended in 5ml DNA staining buffer (100mM Tris pH 7.4,
. * '
. 154mM NaCl, 1mM Cacl-‘,, 0.5mM MgClz, 0.1% NP40O, 0.2% BSA,
15 2ug/ml Hoechst 33258_). Cell sorting was ‘performed with a
Beqton-Dickinson FACStar Plus at a rate of 500-1000
cell/sec. The sorted Gi1 and G2 cell populations were ~90%
| and ~80% pure, respectively. The genomic DNA from sorted
cells was purified on anion exchange columns (QIAamp
) ) 4
20 Qiagen) « 3ug genomic DNA were used for ligation mediated
PCR (LMPQR) ias described. The Stoffel fragment of Tagq
- polymerase (Perkin Elmer) was used instead 'of. the native
enzyme. ' |

25 Samples were phenol extracted and e'than'ol-precipitated'
before primer extension with 3%p-labelled primers. The
fqllowipg oligonucleotides were used as primers: IMPCR 1
(this  Figure): ist pPrimer,  Tm=56.0 °c 5'-
d'("AGGGAAAGGAGGTAGTT) =3'; 2nd Primer, Tm=74.0 "'C 5'=-

30 d(TAGATTG CAGCTATGCCTTCCGAC) -3'; 3rad Primer, Tm=83.0 °'C 51«
d (CCTTCCGACTGGGTAG GCCAACGTCG) -3" . ) '

Results

35

The cdc25 gene has pPreviously been shown to be e#pressed.



Figure 5 Transi ent expression analysis of termnally féu Sﬁ@gmchZSC
pronot er WQ26/86843se constructs in quiescent (Jerr]) versus st1nul at ed

(Gerr]) NIH3T3 cells (panel A), and in quiescent (dJerr]) versus
normal Iy cycling (growi ng) cells (panel B),4 The stinmulated cells were
anal ysed 26 h post-stinulation, i.e. %%e majority of these cells were

in Jerr]. 25 Experiments were performed 4-times with 2 independently
“prepared sets ghefips8aUSy inRehet icee pinide/iin cleXd &&Fls. 1fi braeenico

Vean val ucs aniEPaREARHe D0 B SbeCliig Yuprennian PR e migh

to be able to $&oa gémenal phen@@nariinc huganacellst vesanalymed-thoth WI-

normal i sed val §§Sce11s syndhrbhfsdi by serfiaNabpi E34tP8n Und 'stiGi] albtiiodi, N9
sites.in W-38 ce ?-s % ) foQtprinti ng?‘.%fa}a regi on spanni ng

o In,vivo DV
nucl oot i des5 3andoRORRALI¥0 YR LREe FLR6G, Fate & 4By countesane
B. One (Jerr]-spowi kilatiiiatiog.si texid2BE)RENI18veDs swetat Quantitatednyng
condi 1 ons, cafRa PALRERY e U} hEEd "ErbRtRketon, wBE) giEREhTnea by
PCT/ GB95/ 02000FACS analysis. The results of this study (Fig. 1) show that
| _ 'i'_n ‘both cell types and under both experimental conditions
10 expression of cdc2SC RNA was clearly G2 specific. Thus WI-
38 cells began. to enter G2 approximately 20 hrs post-
stiniula_tion which coincides with the time when the level
cdc25C RNA increased. Similarly, the fraction of G2/M cells
_ in 'di-f_fere'm_:.sénipl_e_'s_'of HL-60 cells obtained by counter flow
15 'el_utriat_icn closely correlated with the expression of cdc2sC
_RNA. The induction cdc25C was approximately 50-fold in
_stimula_ted WI-38 cells and about 10-fold in elutriated HL-
6'0_' cells. '_ The higher induction in the stimulated WI-38
c'ells_ is presumably due to a lower basal level in quiescent
20 ve_'rsus'lGl ce_lls; | :

St:uctux?q and fﬁhction of the human cdc25C gene 5' flanking
sequence '

- 25 A genomic library of WI-38 cells was screened with a' cDNA
" clone representing the human cdc25C coding region. A
Ireéo_mb'ina_nt: phage containing a 15kb insert was identified

' and used for further analysis. The nucleotide sequence of
approximately 1800bp of the 5'. flanking region was'

30 determined for both strands. The most relevant part of the
seﬁuence, as detemined ‘below, ‘is shown in Fig. 2. To
identify the point(s) of transcription initiation the 5°
ends of cdc25C mRNA were determined by | primer extension
analysis (Fig. 3). This experiment 1led to the

35 ic_l_entificati_.oxi of two major start points located 227 and 269
' bp 5' to the ATG start codon. Since the cdc25C gene is
expressed in G,/G, at extremely low levels ( see Fig. 1), it
~was not feasible to analyse a potential cell cycle dependent



resi dues rked in the sequence shown in Fig. 2. Control :
naked DNA%%%sed in vitro. A: Qui escent, st i mul RAECHIO2WPoni ng

W-38 cells. The stinulated cells ‘were 24 h post-stinulation, i.e.
the majority of these cellsi: 5 were in Jerr]. B:*1ndependent repetition
of the experinment in panel A plus €Ferr] and Jerr] cells

I solated by FACS from popul ations of normally cycling W-38 cells.

Figure 7 10 Tpaagacof tHeRAeS %itgg'tt gﬁg&%ﬁx@éﬁg&gﬁ?fgiﬁe m;&;in

| uci ferase construct contalning a i

qui escent (Jd er PFYURFe 3" &4 StartCsétes) shbwed ns ddrfonical TARA BbxA
left graph) andor ITARA-GSikRNEegGRAER] ) iNELSHE; { : cel.ls (panel A
ri ght graph). TegngDE sequence was mut at ed ‘%QQ%JE?SFF%%E:“ a’t ~less
...CTG__GCGGAA. 7->." CTGATCAAA. . (protected G resi dues underl i ned;
nut at ed base$ doubl e-underl i ned). ~Panel B shows the results obtained

in 6 i ndependerk cdac2sc §éRe ¢ t R3k3hed - O¥s S 303
i ndi cate { %ufélf ﬁfirtagg actiiq%?lthiégs s(}?b%‘g}%ﬁ %ﬁﬁﬁo&ggef' §f¥5H (replaMas
b0 \TaRL (ri.gh:x 0 FheRagterial luaifennse genat (cprstiuct C605) and
condi tions (toptyensfect@d rintca NI HITOide 1P Hd Vashapfbine ad).
@). The i ncre&s@m&&!ﬁr Ly isVigt aused gﬁhgﬁ&g H‘L ﬁﬁ?ﬁﬁ%ﬂ s
al so indicated for eac palé or valu é%ﬁ pal ih a kzpeasent expeeagienand
TS o o Nevamirs Mg provEt S 60 Tl e ol o
h prowv '
averae 12.5-10/(] g mediSTae (i Lertt EQTHHAYIAHSF g, Soncpus:
Cnerease | n 8{"& Ff Sﬁomﬁbmemggscent_mm Fapdddy and éfficiently
Nucl eot i de seqRETRATEK Wiibh SR R riRIIItAREY,C8hAN(11) +hel BEobLDn BN o t €S
of transcripti Gh | hiédddit), 2EGcTThKChng stlz).\l/milats:géll éesiqgar ve Pr oé‘g%?’étd ©
resi dues detsect ed Dy in vivo _ € varied by a
15 factor of <1.5 (data not shown), so that it was possible to
correlate the measured luciferase activity directly to the
number ofs transfected cells (the results wvere expressed as
- RLUs/2x10° recipient cells). Transfection efficiencies were
monitored by determining the number of plasmids taken up by
20 the cells (Abken 1992), but in general fluctuations were
<l.5-fold (not shown). We prefer this experimental design
over the cotransfection of a second reporter plasmid as an
internal standard, because using the former approach we
avoid complications with respect to serunm stimuiation of the
25 reporter _con_struct used for standardisation (which is seen
to some extent even with promoters like RSV-LTR or SV40).

l.&s shown in Fig. 4A, construct c60s was cell cycle regulated

in serum stimulated cells that had been synchronised in Gg. -

30 Thus, hardly any luciferase activity was detectable in G,
- cells and during the first 15 hours post-stimulation, i.e.
during G1 and early/mid-S, but there was a strong induction

at 20 and 28 hrs. after serum stimulation, when most cells
had entered, or passed through, G,. In the same experiment

35 we included two other repoi_-ter constructs containing either
5 copies of the human collagenase TRE linked to the HSV-tk
promoter (Angel et al., 1987) or a 973 bp fragment of the
human cyclin D1 promoter (Herber et al., 1994). Both the
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" pattern of cell cycle regulation that is similar to that of (

the endogenous gene.

15 The level of C605 induction was ~50-fold in the experiment
- shown in Fig 4A, but showed some variation in different
experiments in the range of ~10- to 50-fold. Likewise, the -
level of luciferase activity in quiescent cells varied among
diffe_r'ent experiments (see Fig. S5A and B). These
20 variaticns, which are presumahly due to unknown factors
_ affect:.ng the condition of the recipient cells at the time
" of transfection, have however no bearing on the
interpfet.ation of the results obtained in the presént_ study,
'__sin-ce relative activities comparing different constructs
25 (e.g., terminal cdc25C promoter deletions, see below) within
a given experiment were always very similar with variations
<30%. '

Idontiticaticn of a 74 bp prcnoter :raqncnt contotring cell
30 cyclo rcgulati.on -

In order to .ide_ntify functionélly relevant regions in the
cde25C promoter we generated a series of terminal
'truncatlcns and analysed these for expression in cells
35 synchrcrused in G, versus stimulated cells in Gz (Fig. 5a),
and in G, versus normally cycling cells (Fig. 5B) . In
addition, two longer promoter fragments than the one
analysed in Fig. 4A were analysed. The data in Fig. 5 shows
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constructs tested, in_cluding C74, are very similar. The
fact that even C74 showed the expected cell cycle-dependent
10 expression pattern indicates that the region from =74 to

+121 is sufficient for late S/G2-specific transcription.

The data in Fig. 5B point to 2 additional regions in the
promoter that seem to play a role in transcription. One is
15 located far upstream (-835 to ~1067) and its deletion leads
to an increased activity, but the molecular basis underlying
this effect is not clear. The other region is located at -
74 to -169 and seems to contain a cell cycle-independent
-enhancer, since its deletion leads to a ~5-fold drop in.
20 activity in both G, and G, cells. The late S/G,~specific
' transcription of the  human cdc25C gene is therefore
dependent on a DNA repressor element and the surrounding
Sequences. We have shown that the upstream sequences
harb'our multiple in vivo ‘Protein binding sites (Figure 8)
25 which interact with constitutive transcriptional activators
(Figures 9-11). Major determinants in this enhancer region
are a bona fide Spl site and three direct sequence repeats
(Yc~boxes; see Figure 8B) each consisting of an element
resembling a reverse CCAAT-box and an . adjacent GC-rich
30 motif. As indicated by genomic footprinting, functional
‘analyses and in vitro protein binding studies (Barberis et
al., 1987) and antibody supershifts (Mantovani et al. , 1992)
using nuclear .extracts from Hela cells (Dignam et al.,
1983), the Y.~boxes represent unusual binding sites for the
35 CCAAT-box binding protein NF-Y/CBF (Dorn et al., 1987: van
Hujisduifnen et al., 1990; Maity'et- al., 1983) and synergise
in transcriptional activation.
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Simlarities of .the cdc25C, cdc2 and cyclin A pronoters in t he region
of the CDE- CH&.ﬂnedmfeie%d l&!Sti eagnse @reguiateacPriotuin WEidEhgCCAAT
boxes (Y-boxes 1 and 2 .n cdc25 ene) , Material s and
Met hods © 35 ﬂ.‘l‘iﬂé”y"s"(‘,'PeéﬁP b : :
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To analyse the mechanisms 1nvo1ved in cell cycle regulation
of the cdc25C gene in detail we performed genomic dimethyl ' "
sulfate (DMS) footprint analysis of the region between
nucleotides -80 and +15 using G, and stimulated (G,) WI-38
15 cells, i.e. conditions of minimum and maximum expression of
endogenous cdc25C (see Figs. 1 and 4) . Figure 6A shows that
within this region.guaniné-:esidues-in'd distinct areas were
protected from methylation by ‘DMS. Protection.of 3 sites
was found to be;consgitutive, i.e. independent of the cell
20 cycle. These sites, located at positions -28/-27,-39 and -
58/-59 were termed constitutive binding §ites_1, 2 and 3
(CBS 1, 2 and 3). Further'fqotprint'analysis'of the region
between nucleotides -310 and +65 has been made and a further
‘6 CBSs identified. See Figure 8. Please note CBS 1 and 2,
25 CBS 3 and 4, and CBS 5 and 6 are located within Y}-bokes 1
to 3, respectively. The site identified by in vivo
footprinting, located at positions =12 to- -16, is of
particular interest because protein binding to this sequence
. is cell cycle dependent (Fig; 5a). Thus, hardly any
30 protection was seen in stimulated cells in G,, ‘whereas a
clear protection was observed in both quiescent and normally'
cycling cells. This site was therefore termed cell cycle
dependent element (CDE).  The fact that no difference was
_seen among qﬁiescent and growing cells is presumably due to
35 the fact that the fraction of G, cells in normally cycllng
cells is relatively low (10-15%)

In order to rule out any artefacts arising from the
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The follow ng 5, putT@otWah 45C0'Wwe therefore conclude that protection of
10 the CDE is seen in both G, and G, cells, indicating cell
' Ccycle regulated protein binding to the CDE.

The CDE is a major determinant of cell €yYcle regulation of
€de25C transcription in vivo

In view of the cell cycle regulation seen with A74 (Figures

- 4B and 5), the reéu_lts obtained by in vive footprinting

- (Figures 6 and 8) and the transient expression analysis

(Figures 2, 3 and 4), it can be seen that the CDE and the

20 constitutive binding sites (CBS) 1 to 8 play a crucial role

in Cell cycle dependent activation of the cdc25C promoter.

Since the CDE as a cell cycle regulated Protein binding site

was a particulariy interesting candidate in this respect, we

generated a C74-derived mutant with an altered CDE due to

25 the exchange of 4 nucleotides, including 3 of the protected

gﬁanine residues. This construct (C74R1) and the parental

(c'7'4-) plasmid were. analysed in 4 independent transfection

é_ss'i_ys in G, versus stimulated (G,) NIH3T3 cells, and in 2

as:s""a"ys comparing G, and normally growing cells. Fig. 7a

30 shows graphic ‘representations of two of these assays, all

. results are listed in. 'Fig. 7B. ' The data cléarly indicate

that cell cy:.e requlation in C74R1 was severely impaired.

This loss of regulation was due to a dramatically increased

activity in Gy, (average 12.8-fold; see Fig. 7B) while

35 expression in G, was hardly affected (average 1.6-fold).

Taken together with the protein binding studies, 'this result

strongly suggests that the CDE binds a protein or a protein

complex that acts as a repressor in Go/G, and is released in



20 5' - CCCCTCGAGGTCAACTAGATTGGC 3' . Exonucl ease 111 treatnent
For sequwaoss/ossgl ysis, 5 deletions of a genom c Accl/ EcoRCT/GBISO000 nent

were perfornmed by exonucl ease |11 digestion using a nested del etion X
ki't (Pharmaci a- LKB) . 'PCR nut agenesi s 30 Site directed nutagenesis

was performed as descrl bed (Good and 2&azar, 1992) wth slight
nodi fi cati ons conplenentary priners carrying the nutation

and an ght naI esteé]ctlon site plus a second set of priners for
subcl oni ng- wer e c&llpeySleaction (Saiki et 35 al., 1988)

was performed W|th (|) 5' cdc25-and 3' nCDE and (ii) 3'cdc25 and 5' nCDE
as the prinersy Jﬂﬁ S ouc s were purified (Q-Aguick spin
PCR purificatio n: ° ai‘% Eﬁé flg‘.“czltl JE*P’(% e iAAns ient e A(iﬁmye
creat ed V\G%?EGQ@ var:Lous truncated ©dc25C promoter constructs
~ PCT/ GB95/ 02600showed  that just 74 b of upstr riction
site, ligated éed in a se%l FP eam. segél?eq-i ﬁ’l"\fsﬂ'ﬁg LB f8c25
and 3'cdc25 gié 7% frans ated sequence were sufficient to
_ . confer cell cyole regulation, i.e. induction of the reporter
gene around late S/G,. Experxments currently in progress
- indicate that a 3' truncation removing an additional 51
10 _nucleot:.des has no influence on the function of the promoter
fragment, suggesting that cell oycle-dependent transcription
requires no more than 74 bases of upstream sequence plus a ‘

50-nucleotide stretch containing the 2 init:i.at_ion sites.

15 Genomic DMS footprinting revealed the presence of a prote:l.n
~ binding site that is occupied in a cell cyole dependent
- fashion directly adjacent 5' to the first initiat:.on site.

This element, termed CDE, contains 4 G residues .in the
coding strand at -12, -13, =15 and -16 that are protected

20 specifically in Gy, but not in G,. The validity of this

observation is greatly enhanced by the fact that a Gy~
| specific protect:.on pattern was also seen with sorted cells
of ‘a normally cycling population. s:.noe these cells were
not synchronised by any means and were fixed followzng in

25 vivo exposure to DMS prior to the sorting procedure, we can
largely rule out any experimental artefacts. We therefore
conclude that the observed cell cycle-regulated protein |
b;ndlng to the CDE reflects the physiological s:Ltuat:Lon very
Closely. :

30 -
The pattern of protein binding to the CDE reised the
possibility that this element mediates cell cycle regulation
through the interaction with a- repressor in Go/G,. This
hypothesis could be confirmed by functional assays which .
35 showed that mutations in the CDE led to a dramatic increase

in reporter gene expression in GO/G,, thus largely abolxshing
cell cycle regulation of the luoiferase reporter construct.
These results estabhsh the CDE as a cell oyole-regulated
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3 Stimul at it Rﬂﬁ' mutagenesis of the CDE (Figure 12) and the region '
ays.

15 position of the CDE to nucleotides =17 to -12 and revealed .

functioning of the CDE and thus for cell cycle regulation of

the cdc25C promoter. Changes in the Sequences either around
nucleotide positions -6 to -3 the cell cycle homology region

20 (CHR), discussed below, or overlapping the first major
initiator Inr at nucleotide positions -2 to.+2 led to the
same deregulation as mutation of the CDE itself. ag shown

by in vitro protein binding studies (Barberis et al. » 1987)
using IieLa'cell nuclear extract (Dignanm et ai1., 1983), both

25 elements interact with different proteins. The Inr itself
- interacting with a YY1 complex (Seto et al., 1991), as shown
by supérshift_s and the binding of recombinant YY1 protein.
These results strongly Suggest that the function of the CDE~-
binding pProtein is dependent on additional interactions with

30 at least one other pProtein binding to the CHR and perhaps
the Inr regions and that the CDE-CHR elements have to be
contiguous with an Inr. The implication of this finding
for the construction of chimaeric promoters is that the

35 prom_otei:_s must contain the CDE, CHR and the Inr and must be

cycle regulation on the enhancer. Based on thig and using
standard molecular biological techniques, a cde2sc promoter



carried out for the indicated tines wth 10% FCS Pfé&?% {,ﬁrase

activit ywoasméaer m ned as descri bed (Hei ber et esul ts
were ‘corrected for transfection ef ficiency as descrl bed (Abken,
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other known cell cycle regu%.ated promoters revealed striking . (
similarities in the case of cyclin A, cyclin F (Kraus et
al., 1994), .cdc2 (Dalton, 1992) and f-myb (Lam et al.,
: 15 1995). Both CDE-. and CHR-like elements were fouhd in these
| promoters at s:.nular 1ocat:.ons relative to the transcription
start sites, see Figure 15. - significantly, any base changes
seen in the CDEs in these promoters were found to be
: _tolerated with respect to cell cycle regulation when
20 introduced into the cdc25C CDE. Results not shown. In view
. of these observations we performed genomic footprinting with
the cyclin A and cdc2 promoters and found the same situation
as in the case of cdc25C, i.e., the GO/Gl-specific binding
of a proteln/protein complex to the CDE. Results not shown. .
25 In addition, point mutations largely abrogated cell cycle
| regulat:.on, conf:l.rm.ng the functional s:.gnificance of the
CDE-CHR region in these promoters. These observations also
indicate that the CDE-CHR elements are not totally Inr-
specific, since the cyclin A, cdc2 and B-myb promoters do
30 not show obvious homologies with.the Inr of the cdczsc gene,
but rather dependent on a short distance between them and an
Alignment of the seqﬁen‘ces upstream of the CDE also revealed
35 striking similarities in the region of Y"-'bo:'ces 1 and 2
(Figure 16), - pointing to common targets of repress:Lon.
. Taken together, these data clearly suggest that CDE-mediated
| repression is a frequent mechanism of cell cycle regulated
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ggdeggﬁggseé ' bi’v%-%/m&wj.ns (such as NF-J./CTF)Zzand SP1 family "Fl;eal'ble_;rSi n

PCT/ GB95/ 02000 interacting wj[th th ertqqpectivq RAhancexss whet her the &

' | s. n-or ; , | i n human
the G phase gn HelLa cel ral ‘phenomenon in human
speci f ig exprgsm on of cdc25 nRNA I's a gene p m deori vat i on

cell's we anal ysetheameéchiinisn leadfirfliss o3 yELYN5S Yepression as been
and sti m_Jl ati on,shown to be mediated by a DNa repressor element which is
believed to interfere with the function of the activators
- interacting with upstrean loéated enhancer elements. In the
- 10 cdc25C gene the Sequences upstream of the CDE contain a Sp1l
site and 3 Y -boxes which act as cis acting transcriptional
activators (Figures 5 and 9 to 11). The CDF binding.
protein/prote_in complex, E-CHR is believed to interfere with
the function of ‘constitutive, glutamine-rich activators

15 thereby repressing transcription of the cdc25C gene.

Our observations sSuggest DNA repressor elements may mediate

interference with- constitutive glutamine-rich activatozjs

thereby providing the basis of the periodicity of
20 transcription. ' : : '

The implication of this finding for the construction of
chimaeric tissue-specific/cell typé-specific, cell cycle
regulated - Promoters is that tissue-specific enhancers
25 interacting with ‘@€.9. glutamine-rich activators are
particularly suitable elements to be fused with the DNA
repressor element containing cdc2sc promoter and other cell

cycle regulated promoters operably linked to a DNA repressor
element.
30 .
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to some exiwd ey Wi th pronoters |ike ~As shown in
Fig. 4A, construct 0605 was cell cycle r I I mﬂ‘ Islerd’rﬁ"’é??%@%ﬁoed
cells that had been synchronised in {errk. L s,s hardly any |uciferase
activity was detectablie in err]- 35 -cells and during the first 15 hours

post-stinmulation, i.e. during GL and early/nmd-S, but there-was a
at 20 and 28 hrs. after serum stimul ati on, wheén nost

strong induction i _ .

cells . had elIyTME or passed through, Jerr]. In the sane experinent 35 :

we included two other reporter constructs containing either 5 copies of -
et al.,

t he human col | agenase TRE linked to the HSV-tk - pronot er (Angel
1987) or a 973 f r aghmyectol £6f the dxpEds [ 1 .pronoter..(Herker et
) he & 1dE B aBsfrea geée product

al., 1994). Bothnth -
PCT/ GBI/ 02000 Wb 967 5604 SORPTising a structural gene encoding tRé desired
activation of IRPEIPreduct grerabigudinked vb a PrdnoterDinder tn
transcription ap€ @DNy mﬂ@‘s&o@éh@iﬂ’éﬁg Wit L M Sidml gt on, RRREAL ng
prior to S—phasgpggg_g¥c(§e Kova:%‘han Bravo erafggzyiggv\,pr@ejex cyicle
1993). This feature ol t e‘gEﬁ%%%’é Prder; e regukateigern akpgPedsidn in
transi ent assay?i fieflgcyale spreific mansdie, TRE arid cycli-n DI pronot er
constructs gave rise to peak | uci ferase activities at approximately 7
[ hase entry of the majority of the cel

hrs., i.e. E§i05_to A vg %-P ! ) o
heSe SF9- dRfisAsding etohatathel] r gReLERL €XR §§§§§E§5
C ne

popul ati on.
assay cl osely uuﬁarﬁth@rsomtfbphaﬁi@hggbﬁglréggggg££oglg£eggeig e
er

15 L]

cell type-specific regulatory element is an enhancer

4. A vector according to claim 2 or claim 3, wherein
the regulatory element is an enhancer Preferably
20 activatable by glutamine~rich activators.

5. A vector according to any Previous claim, wherein
the DNA repressor element cdmprises at least part of the
Sequence 5'-GCTGGCGGAAGGTTTGAATGG-3 ' . OF a functionally
25 equivalent mutant or homclogue thereof. e

6. A vector according to any Previous claim wherein
the DNA repressor element comprises the seduen;e 5=
G?TGGCGGAAGGTTTGAATGG-3' and a transcriptidn initiation

30 site such as the first major transcription initiation sit
of the cdc25C gene followed by the gene encodi e
desired gene product. e e

7. .

Ny A vector according to any previous claim, wherein
the DNa repressor element is derived from a cell cycl
regulated gene. e

8. '
| A vectqr according to any Previous claim, wherein

SUBSTITUTE SHEET (RULE 26)



is sufficient to confer on a luciferas .

G a tucit PCT/GBSSI02600n  Of
cel | cycWwOpeR4H | on that is simlar ﬁ“l“ﬁlﬂl““l“ lﬂfﬂﬁ“Tt he endogenous gene.
15 The IeveI of. G605 induction wagg-50-fold in t"he Sexperi ment shown

___.e..._-‘:‘--r'r some variation in different experinments in the

QEETWS BEENS@- fol d.  Li kewi se, the | evel of luciferase activity
[at, e el | __‘ aried anong different experinents (see Fig.

LA __ape = 20 v c r 0 nown
Factors fo5epReth op g /Tt e LRI TN cMiBsly qUREDD
of transfectithe cdhavgenaoorvthe @yclbeahigRneon the

|nferpretat|on of the results obtained in the present study ===~ ““5i nce
rel ative activities conparing different constructs e, ermnmna
cdc25C pronot eP-del e UR§t°§eé°SEF§J(5‘ngPhPﬂY prece%ubq \%]g?’é’g'péﬂ vvlere
al ways very ssi gkheagenet productt isna cytotoxBHior cytostatiidemgentsati on of a
74 bp pronoter fragnent conferring cell 30 cycle. regulation I n
order to.identify functionally relevant regions in : cdc25C |
pronoter we §Oner atteyeckorsacresdipg tecARY ngne of °1§#‘!ﬁ1c1attr%r?9 and
anal ysed t heseyhareSnPtRESHERe Proqlitt is3s pyodiugrictivating enzimeer sus
stinulated cells in Jerr] (Fig. 5A), - and in Jerr] versus normally
cycling cells (Fig. 5B). In ' addition, two |onger pronoter fragnents
than the om® 11. amaivestdri acBoyding ®er clainl Jeedvnempinithein Fig. 5

shows pfodrug,_ after activation, has general cytotoxic or
cytostatic activity. ' : _ ‘

12. A cell cycle .regulated transcriptional repressor.
-15 o ’ o : |
13. A re_pres_s__o_r according to claim 12 which, in vivo,
regulates the expreseion of a cdc25C gene, a cdc-2 gene or
a cyclin A gene.

20 14. A nucleic acid encoding a transcriptional repressor
according to claim 12 or claim 13.

15. A -pr'otein molecule or protein complex having a site
| wh:.ch is capable of binding to a DNA repressor element, as
25 recited in any one of claims 1 and 5 to 8.

16. A method for the treatment of a disease which is
associated with aberrant cell proliferation comprising the
administration to a target cell of a vector ac'cording to .

_ 30 any one of claims 1 to 11, whereln the gene product is of
'therapeut:.c significance in the treatment of the disease.

17. A vector according to any one of claims 1 to 11 for
use in medicine. | |
35 _ _ : o

is Sheet Has Been Reilaced

T A
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PCT/ GB95/ 02000

V\D 96/ 06940 96/0694

25 that oAt econst ruct s apart from C20, which cont ai ns BGI4B95(§2000

nucl eoti des of upstream sequence, were clearly cell cycle- regul at ed,
Thi s suggests that the

in both stinulated and normal ly cyclingigells.
sequence upstream of nucleotide -74 5 only plays a ninor role, "if any,- n
cell cycle regulation. " This conclusion is strongly supported..by, thg B

data in Fig. 4B whi ch show that the induction kigetics of the four-.- .-

constructs tested, including C74, are very simlar. e fact that
1Gexpression pattern

even C74 showed th ect &cl e- dependent
i ndi eﬁi a;7420 »n F221 ispdficient for.late

indicates that th
S/ &-specific transcrlptlon OThe\datgln Fi g9 &B point to 2

additional regions in the progdt erot ha@seemtgipglay a role in
transcription. One is 15 |ocated str@am (-8 Lo -1067) and its
del etion | eads to an increased]actiyity,] but the |nol ecul ar basis
under | yi ng this effect is not eary Thegother rggion is located at -
r—a—eel—eycle-independent enhancer,

74 to -169 and seens—TUoU-ctontati—a
since its deletion lepds to a -5-fold drop in 20 activity in bothfJerr]

and Jerr] cellZ Qd’ Fare-stg EXRRESSIONC transcription offthe
t and

hunman cdc25C ge@ he_m_rore o Eﬁ\gendent on repressor elfg
t he surroundin quences. ﬁ ve shown at the™pstream slequences

‘harbour nul tiplf ig0¥ vo protein binding sit (F| gure 8) X5 which interact

‘Wi th constitutigre trgnscriptional activator Ay
det erm nants it enhancer region land t hree
di rect sequencér gt s (Y[err]-boxes; sbﬁtlg
of an elenent S
| = 407 20
- X
E 20- i
o —10
0- — — o
TIME POST SIMULATION (h)
1004 —*— EXPRESSION
z | —— %G2M — 100
® 80 i
g c 8o
& g0 i
e -60 =
L - &)
= 40 40
3 _
x 20—+ 20
0

W ] h g ] T -
F2 F3 F4 F5 F6 F7 F8 F10 F11 Fig
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resenbl | NY wo bé&deB4s € CCAAT-box and an adj acent GC-rich 30 notif.
i ndi cated by genom c footprinting, functional anal yses M’FWWQ‘WO

protein binding studies (Barberis et 2/1g1l ., 1987) and anti body

supershifts (Mantovani et al., 1992) usi ng nucl ear -extracts from HelLa
cells (Dignamet al., 1983), the Y[err]-boxes represent unusual binding
sites for .the 35 CCAAT-box binding protein NF-Y/CBF (Dorn et al., 1987:. van
Huj i sdui fnen et al., 1990; Maity et al., 1983) and synergise in
transcriptional activation. WO 9% 06943
PCT/ GB95/ 02000 26 Ef ficient
transcription of the cdc25C prom)te nstr cts was al so seen in
normal ly growing cells, even thou §3I atively small fraction
giveRtinme. W attribute this

tel is rgatively stable and could

of the cell populationis in @& atQ
to the fact that the 5 luciferaga an

t hus accunul ate to high | evels the r ow cells.
Identification of a cell cycle-regul afked pret ei ngoi ndi ng site in vivo
(CDE) 10 To anal yse the nmechangsns igvol vgd in cell cycle .regulation
of the cdc25C gene in detail we perfo d nom © di et hyl : sul fate
(DVB) footprint analysis of the regign be%een E," nucl eotides -80 and
+15 using err] and stinul ated (G{erﬁ]) WIT) 38 t&:)
B8 I8 B
Det) g
O » 2
n
| Q@
mg g

FIG. 2
CB.SZ
GAGCGGGGA

GGCTGACGCAGCTTAGAGGC

CBS3
[ X ]

AGGCCTGGGCGCGCGCGGAGATT

|— A74

M Start 1 (+1) _ : :
TGGTCAACGCCTGCGGCTGTTGATATTCT‘I'GCTCAGAGGCCGTAACTTTG

C'I'CTGAGTCCGACGTTGGCCTACCCAGTCGGAAGGCAGAGCTGCMTC
TTCCTTTCATTCTGCTCAAG‘I'CTTCGCCTGTGTCCGATCCCTACT

TTTGAA

N
«©

-7

o)
©
+
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15 cells, 4 ditions of m nimum and maxi num expressi on
endogenousﬁggﬁgggg(see Figs. 1 and 4). f?gure 6A shows thatﬁ@hGB%quWn
this region guanine residues in 4 dist?n t areas were protected from
met hyl ati on by DVMS. Protection of 3 sites was found to be
constitutive, i.e. independent of the cell 20 cycle. These sites, |ocated
at positions -28/-27,-39 and - - 58/-59 were terned constitutive binding
sites 1, 2 and 3 (CBS 1, 2 and 3). Further footprint analysis of the
region bet ween nucl eoti des -310 and +65 has been nade and a further

6 CBSs identified. See Figure 8. Please note CBS 1 and 2, 25 CBS 3 and 4,
and CBS 5 and 6 are located within Y[err]-boxes 1 to 3, respectively.
The site identified by in vivo footprinting, |ocated at positions
-12 to -16, is of particular interes ﬁ u protein binding to this
sequence - is cell cycle dependent (Fig. Y. ¥ ¢Thus, hardly any 30
protection was seen in stinmulated cells in err], whereas a cl ear
protection was observed in both quiescent and normally cycling cells.
This site was therefore termed cell cyele dependent el enent (CDE)

The fact that no difference was sgen anong qui escent and growing cells
I's presumably due to 35 the fact thatiIhe fraction of Jerr] cells in
normal Iy cycling cells is re€ativ@y | ow (10-15%. In order to
rule out any artefacts arising_f@§n1thgg

PCT/ GB95/ 02000 WO 96/ 06943 O <roO 27

START 1 —

— +20

= +40
START2 —

|- +58
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synchroni zati on gr ocedure, and to anal yse whet her the CDE - footq%i nt

was al so sBEP%4 cel s rather than being err] - s BET{GBIg/02
repeated the experinment and this tine i4r7q uded purified err] and
Gerr] cells obtained by preparative cell "sorting 5 of a normally
cycling population of W-38 cells using a fl uorescence activating
cell sorter (FACS) . The results of - this experinment are shown in Fig.
6B: four G residues within the CDE at positions -1 -13, -15 and -16
were protected in F{Q G@%})ut not in Gerr]. W the%f ore concl ude

t hat protection of fhe is seen v both Jerr] ang@d err] cells,

i ndi cating cell cycle regul ated pr egsn bi ndéhg t@ t=RAUCDE.--- - - The
CDE is a major determinant of cell cycl@ rggul atign ofy -5cd0250
transcription in vivo 15 In view nf ge cel € cyc¥efjegul ati on seen
with [err]74 (Figures 4B and 5), tfR Wesult s=obta@n@®@ @y in vivo
footprinting (Figures 6 and 8) and thi transijent fexpfression analysis
(Figures 2, 3 and 4),%it 6 be seen that the and § hef 20 constitutive
bi nding sites (CBS) 120 é bpa a cruacrar rore T cerf—ctyctredependent
activation of the cdc2sC pronoter. Since the CDE as a cell cycle

regul ated protein bindang site was @ particularly interesting canglidate
in this respect, we 3 generatled a C74-terived mutant with an altered CDE
due to 25 the exchange of 4 niicl eoti dEFRE™ ted
guani ne residues. Thi Ecozg@ gt (C74R 4) plasmd
were anal ysed in 4 ingdepefident {transffection AS Br sys
stimulated (&) NIH3TZcells, and inf2 assays ] ang
normal 'y grow ng cel | i Fig. [7A 3Q ations of two
of these assays, all Q resulgs arg | Heafly

i ndi cate that cel fcycle r¢ at i ] ppai red

This | oss of regul ati whe 00
Gerr] (average 12.8-&pl d; see

LUCIFERASE A

0 10 20 30
TIME POST STIMULATION (h)

100

—o— (605
—o— (335
—— (169
—s— C74

FIG. 4(B)

FOLD INDUCTION
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35 expr esgop GZ was hardly affected (average 1.6-fol d). Taken
t oget her wi t% 0*193 protein binding studies, this result smﬁg?sj‘)zgﬂﬂggests

that the CDE binds a protein or a protgjyg conpl ex that acts as a
repressor in Jerr]/Jerr] and is rel eased in WO 96/ 06943

PCT/ GB95/ 02000 28 the. & phase
of the cell cycle. In summary the functional analysis in transient

| uci f erase assays of various truncated cdc25C pronoter constructs

5 showed that just 74 bp of upstream sequence plus 121 bp of

transcribed non-translated sequence were sufficient to conf er
cell cycle regulation, i.e. induction of !g grA) gene. ar.ound

| at e S/G{err] Experi ments currentlylnp "e indicate that a 3
truncation renoving qoddit Lonal 51 10 nucl eoti des has no influence on
the function of the iG fragment, suggestTng tnar cert

cycl e-dependent tgvanscripfi giequires no nore thang/4 bases of

upstream sequence‘;pl us a 0-n I eotide stretch contetning the 2
initiation sites. 15 rllmn DI\/Blfoot rintieg9g reveale&the presencg of a

protein bi nd:Dng sitelthat |s}l| cupigd ing cell cy '-hF dependent
g

fashion directly Jm 5 tot fir inituation sif Thi s
el enent, terned Thins 4 G|f{fsi dUHls i fTThe © i ng strand fat
-12, -13, -15 an(t 16 thap are proffgct eg 8 :

-

1000 -

475

1439

142
135
154

M~
o ©
™ il © ~ N N

vV V

LUCIFERASE ACTIVI

o
L

: I
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FIG. 5(B)
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20 speci figg) kl\kd derr], but not in Jerr]. The validity of this
observation i's greatly enhanced by the fact that a Jerr]- PCT/GBIH0M0¢ i c
protection pattern was al so seen with péed cells of a nornally
cycling popul ation. Since these cell s Were not synchroni sed by any
means and were fixed following in 25 vivo exposure.to DVS prior to the
sorting procedure, we can | argely rule out any experinental artefacts. -
W therefore conclude that the observed cell cycle-regulated protein
binding to the CDE reflects the physbl agical situation very cl osely.
30 The pattern of protein bindi@g t& the CDE raised the

possibility that this el enent rredi atﬁf | cycle regulation —----—-.thfough

the interaction with erB]/Gerr}. This hypot hesi s
coul d be confirned ﬁ‘G@t I asggays %hi 35.showed that nutations in
the CDE |led to a dramatic increase i r rt dene expression in
Jerr]/derr], thus largely abolishigdg "’ |1 ¢¥cle regulation of the

| uci ferase reporter construct. esSr es@l tsSestablish the CDE as a
cell cycle-regul ated WO 96/ 069430, O zZ

PCT/ GB95/ 02000 - 29 repr essor

bi nding site playing a maj or rol §.lgiud Wl el gy cl e-control | ed
transcription of the cdc25C gene.j:il R Goncs transcription seen:
with C20 strongly suggest that t ely as a repressor

el ement and is not endowed 5 enhancer function that
coul d be under cell cycle @ ngui shes t he
CDE- bi ndi ng act|V|té fron1t tors of the E2F/ DP
famly
CBS2— | G
G
CBS 1 — G
C
T
Ge
. Ge
...... c (:[)EE
A Ge
Ge
A
+1 — A
- G
G
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whi ch are repressed in G[err] through their interaction with the

retinobl asWAA$06%43ppr essor protein pRB . but act as  1@®CT/GB95/02000
transcriptional activators later in 1'7;1 cell cycle (for revi ews see
Nevi ns .1992; La Thangue 1994). rt her nmutagenesis of the CDE
(Figure 12) and the region . downstreamto position +30 (Figure 13)

. defined the precise 15 position of the CDE to nucleotides -17 to -12 and
reveal ed two additional elenments that are crucial for the proper
functioning of the CDE and thus for cell cycle regul ation of t he
cdc25C pronoter. Changes in the sequences either around nucl eoti de
positions -6 to -3 the cell cycle honology region 20 (CHR), di.scussed

bel ow, or overl apping the first mjor initiator Inr at nucl eotide
positions -2 to +2 led to the sane deregyyation as nutation of the CDE
itself. As shown by in vitro protein bingitng studies (Barberis at al.,
1987) using HeLa cell nuclear extract ( namet al., 1983), both 25

el enents interact with different proteins. e Inr itself i'nteracting
with a YY1 conplex (Seto et al., 1991), as shown by supershifts and the
bi ndi ng of reconbi nant YY1 protein. e/h@se regulds strongly suggest that
the function of the CDE-O (Dbl(DdUlg;-prmeqm s gepondent oq}a@jltlonal
interactions with 30 at I-eas.t_mh&trher protein binding to the CHR and

per haps the Inr regions and that” the CDE-CHR el enpAts—Tave to be
contiguous with an Inr. The i i.ndi ng for the
construction of chimaeric pro W
gene or other cell QUHWMANDul
and the Inr and nust be -fug
confer cell cycle regul ati
st andard nol ecul ar bi ol pgi cal

FACS

ONIMOND
[09] IN32S3IND

[2o] aaLvinwiLs

FIG. 6b
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PCT/ GB95/ 0@ V\D 96/ 06943 - 30
f ragnent - +121) was fused to the SV40 early PCT/GB95/02000

pr onot er/ enhancer region. The chinmerig, pronoter obtained : exhi bi ted
the sane cell cycle regulation as the ! type cdc25C.gene. See
Figure 14. 1t would be obvious to one 5 skilled in the art that instead
of the SV40 enhancer tissue- - specific enhancers coul-d be used

(SI kora, 1993), which in conjunction with a CDE-CHR-Inr unit would
yield chinmeric transcription control elenments that are both cell

cycle- - regul ated and tissue/cell EZTA) 10 Al'i gnrent
of the cdc25C CDE-CHR region with the®s emn ot her..known- cel |

cycle regul ated pronoter, vea tr| k| ng sim | t| es in _the case
of cyclin A cyc]zoo-.L(_Eaug 62 94)%%6dc2 9 on, TIGROVING

[err]-nmyb ( et alf., 15 1995) R-T1 ke element ﬁﬁ"e
found in th pronoters at sj | @Sations|rel atifeqg to the -
transcripti o~ start sites, se EF?Slg ificag , any |bd
changes . Qseen itn the CDEs in t Et@rs re fa to&??(
tol erated wWi€hSr espdct to cell cycl | atT;omr whe 2(Q Nt ro Hdf i ntjo
the cdc25C @DEx f&? ylts not shown. m > of [t hesq|lohser Pt gns| we
performed g (otprinting with t ytDO'n A ard/|gdc2 Toltler 9
and found t Sanme §ituati6é 65 |4 gs cdcdB@ | i . B-\J |l
‘&0/ A - speci fl-ucmbl ndifng of copnpl eX{figl t heN(
Resul ts not s{hown. 25 iy pddikt , 'nt Outatiops |argelly a At |ed
cel-l cycle 5 ° regul aéi 1 CON heDuncti opal sijgmi|f i cen Ojff t he
CDE- CHR regidn in ¢ hese2gippbt efs, obs?rvatiohs &8 s :
: 0l _—< N
C74 C74R1 C74 C74R1

FIG. 7(B)

EXP. GO (C74/C74R1) GROWING (C74/C74R1)
A-l 22/260 =P 11.8 202/459 =P 22

A-ll 26/181—p 70 897/688 - 0.8

—
A-lll 10/118 —Pp 11.8 268/546 - 20
—

AV 8122 = 153  161/174 1.1

EXP.  GO(C74/C74R1) -~ G2 (C74/C74R1)

B-I 366 —» 217 65171  —p 2
Bl 547 =P 94 10478 —b o8

AVERAGE ($SD) 12.8%4.7 1.6%0.7
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specific,

i';ndi cate that ‘f"R& CDE- CHR el enments are not totally Inr-
since the &yol ,3\ cdc2 and B-nyb pronoters do 30 not sREWGHISN2006

honol ogies with the Inr of the cdc25C %9'?6 but rather dependent on a
short di stance between them and an nr. - Alignment of the
sequences upstream of the CDE al so reveal ed 35 striking simlarities in
the region of Y[err]-boxes 1 and 2 (Figure 16), pointing to common
targets of repression. Taken together, these-‘data clearly suggest

t hat CDE- nedi at ed repression is a frequent nechanismof cell cycle

regul at ed WO 96/ 06943

PCT/ GB95/ 02000 2 8 o 5 31 t.Lanscri ption,

and that the tar %t s &f thi n 'B#{'e regul at ory nechani sm are

often the gl utam ne-gi ch T- tgx OLS ng ng proteins (such as NF-1/CTF)
I pije®act | w tRjthe respective enhancers. 5

and Spl -famly nenbd@s [
t o er

The mechani sm | eadi ?%[ err] - pecg I C repressiongdgas betgn '
shown to be nedi at edgby g daressoel e@ent which is belTeved X0
interfere with the flnctton ol lkgye a !§ato i nt er a®Prig W@ I— 0

upstream located entfanges el evef®s. &nBthe B0 cdc25C gengqthe. s@quences

- upstream of the CDE @_ﬂta)img o iteE’}and 3 Y[err]-bqgxes i ch act as
cis acting transcri @i@n&‘” ~ ctiva.grs Figures 5 and to - “E The
, R i s bel i eveddto—+ g erert

CDF bi ndi ng pr@ei né&pr ot @i 10 conp
with g g 2°%7 R NE oW —u —
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the functi of constitutive, glutam ne-rich activators 15 thereby

repr essi ng Kuliad ption of the cdc25C gene. Qur obsePCEIGBSFB2080iggest
DNA repressor elenments may nedi ate 1'd Berference with constitutive
glutam ne-rich activators t hereby roviding ‘the basis of the
periodicity of 20 transcription. -The inplication of this finding for
the construction of chimaeric ti ssue-speg’i fic/cell type-specific, cell
cycle regul ated promoters is that tissuegspecif enha@ers 25 _
interacting wth e.g. glutamne-rich act@Qvators©are @ particularly
suitable el ements to be fused with the DNA @ repr&sor el®ment containing
cdc25C pronoter and ot her cell cycle regﬁr? ated ﬁu’om)terﬁ opet-abl-y
| inked to a DNA repressor el enent. 30
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A vector for the expression of a desired gene product I n-a-celd,
conprising a structural gene encoding the desired 5 gene product
operably linked to a pronoter under the control of a DNA repressor
el ement which i ntre,l;_&ct s-wth a cel]l cvcle SpECi'f iC repressor i n order
to regul ate%e%le expression in a cell e0spegi 1 c manner =3 g1q 2.
- A vector accortingeapo claimil1, wherein the p 0 D under h'_te[l r(&-
of the DNA repregsqg elenent is further ' ;gllefﬁby atig oY
cell type-specific ('-P_Jegul atory el enent . | a |
o 65 > | E5j69 2
s , =460
O ]
Mo 8l 4 E=—— 8l
80 © =— 80
8v = av
O~ L e il
L. E=H0 o
Ly =—=P\}
oL =
© 1= 91
Q 12} =9 =
oY — o
by !
Ow | 51 = GL
§9 Ee———GS0 O
v = SV
. I
O~ bl E=vl o
16 N=—=Fc R
44 =y ©
} f
o I €O =15
€2 =€0 2
Ev =%
| 1
O ! cl =4l
[43] =79 -
— CY =y
' i ' =y
O~ : 19 : = (W8
Eq10 2
| . ; . v -
o .
o2 IWINVINN SIS o LWLNVLAW SATY 2
0D = %
35 : z
3w g S
T



ccording to claim2, wherein the tissue- or cel |

15 3. A

t ype- speci #‘?%’@gﬁaatory el emrent is an enhancer. 4. PCT/GRYS0R6D0

according to claim2 or claim 3, vvhere“1 6 the regul atory elenment is an
5.

enhancer preferably 20 activatable by gl'utam ne-rich activators.
A vector according to any previous claim wherein t he DNA repressor
el ement conprises at |east part of the sequence o

5' - GCTGECGGAAGGTTTGAATGG 3", or a functionally 25 equival ent nutant or
A vector accordi hg tljo any previous cl a;i m

honol ogue t her eof . 6.
wherein t he DNA represg{cj)r el enent conpri ses sequence 5' - -
CCTGECCGAAGGTTTGAATGG- 3" gaidd a transcription infg tidh 30 Site_seoeh jas the
first major transcripté'on 'nitiation site of {hg cdc25C Bene fotl dued by
t he gene encoding the® —dg&red gene product. 2| 7. A vector L
according to any previtous Eai m wherein 35 the r epressor. el enent s
derived froma cell cyclqg f oreguated gene. - 8. "A vector acccr'ﬁ_?rwg
to any previous claim wHer & n ' ) o :3 7 [
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t he DNA rg? g@gr el enent |s derived fromthe cdc25C gene, the cdc2 gene
C

or the cy ene. : A vector according to any WrBGBSNg800C! @i M
wherein 5 the gene product |s a Cytthﬁlf or cytostatic agent. 10. A
.vector according to any one of clains % wherein the gene product
I's a prodrug activating enzyne. 10 11. A vector according to claim10,
wherein the prodrug, after activation, has general cytotoxic or
cytostatic activity. 12. A cell cycle regulated transcriptional
repressor. 15 13. A repressor according to claim12 which, in vivo,
regul ates the expression of a cdc25C gene; a cdc-2 gene or a cyclin A
gene. 20 14. © A nucleic acid encoding a transcriptional repressor
according to claim12 or claim 13. 15. A protein nolecule or protein

conpl ex having a site

FIG. 15
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mhlch i s owpIBleueef binding to a DNA repressor elenent, as 25 recited in
A method for thBCTIGBISMR0M of a

any one of clains 1 and 5 to 8. 16.
di sease which is associ ated with aberrant cell proliferation conprising
t he adm nistration to a target cel 6/d46 a vector according to 30 any one

of claims 1 to 11, wherein the gene product is of t herapeutic
significance in the treatnent of the di sease. 17. A vector according

to any one of clainms 1 to 11 for use in nedicine. 35
- 36 - t he DNA repressor el enment |s derived fromthe cdc25C gene,

the cdc2 gene or the cyclin A gene. A vector according to any’
pr ecedi ng cIa|n1 wherein 5 the gen ytot oxi c or..cytostatic

agent .

Yo-BOX 1

FIG. 16
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10. A vector éﬁcordi ng to any one of clajpnose_1 tQ.8 erein the gene
.product is a prodrug activating enzyne. ﬁ%bﬁkbEMEﬁ* ©1f according to

claim 10, wherein the prodrug, after actlv PEB .neraF cyt ot oxi c
or Ccyt ogiosiogegCt i vity. 12. e
transcriptional repressor. 15 13. q gf%“%?ﬁnumﬁz

whi ch, in vivo, regul ates the ex$3e55|on'of a'cdcéSC 7ene a cdc-2 gene

Cranscr i pt ) onal fepr ossor . according to el aim 12 or cl Q?m""ﬂllllll [l IIIEHIIII [l

A protein nolecule or protein conplex having a site whi ¢h s tapabl®e of *
bi nding to g»wb pr essor elenent as 25 recited in any one of clains 1
and 5 to 8. H% represiey crlepent dingdenived oren othel ade25Q gendl. f or

use in nedi cthe.cdc2 gene or the cyclin A gene.
9. A vector according to any preceding claim, wherein
5 the gene product is a cytotoxlc or cytostatic agent.

10. A vector according to any one of claims 1 to 8,
wherein the gene product is a prodrug activating enzyme.

10 11. A vector according to claim 10, wherein the
prodrug, after: activation, has general cytotoxlc or

Cytostatic activity.

12. A cell cycle requlated transcriptional repressor.

15
13. A repressor according to claim 12 which, in vivo,
regulates the expression of a cdec2sC gene, a cdc-2 gene or
a cyclin A gene.

20 14. A nucleic acid encoding a transcriptional repressor

according to claim 12 or claim 13.

15. A protein mole;ule or protein complex having a site
which is capable of binding to a DNA repressor element, as
25 recited in any one of claims 1 and 5 to 8.

16. A vector according to any one of claims 1 to 11 for
use in medicine.
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